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ADVERTISEMENT. 



A New Edition of the Work of the late Mr. Tredqold, 
edited — with further Experimental Researches on the Strength 
of Cast Iron and other Metals — by Eaton Hodgkinson, 
F.R.S., now being much called for, and holding the highest 
reputation as a Standard Work of reference, for the use of 
the Scientific and Practical Builder, is now presented together 
as a fifth edition of Tredgold, and a second edition of Mr. 
Eaton Hodgkinson's " Experimental Researches." 

It is intended by Mr. Hodgkinson to publish in a col- 
lected volume, all his valuable experiments scattered in the 
publications of several Scientific Works, viz. : " Transactions 
of the Royal Society of London," " The House of Commons' 
Report on Iron," and "The Memoirs of the Manchester 
Society." 

The Second portion of this Work may be had sepa- 
rately for the convenience of those who desire to possess, 
alone, Mr. Hodgkinson's " Researches." 

J. W. 

Xorcmltr, I860. 
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MIL TRKDGOLD'S ORIGINAL INTRODUCTION. 

Art. 1. In consequence of the security which cast iron 
gives, when it is properly employed, for supporting consider- 
able weights, pressures, or moving forces, it has lately been 
very much used ; and is likely to wholly supersede the use of 
timber for many important purposes. Indeed, so considerable 
are the improvements which have arisen out of its use, that 
the period of its general introduction has been very justly 
considered as forming a new era in the history of machines.* 
" All other improvements," it has been remarked, " have been 
limited ; confined to particular machines ; but this, having 
increased the strength and durability of every machine, has 
improved the whole. "f 

Cast iron is a valuable material, because it gives safety 
against fire ; it is not liable to sudden decay, nor soon 
destroyed by wear and tear, and it can be easily moulded into 
the form of greatest strength, or that which is best adapted 
for our intended purpose. 

The fatal consequences that might result from the use of 
timber for supporting heavy buildings, either in case of fire 
or of decay, have often been foreseen but in a few instances 

• Essay* on Mill Work, &c, by Robertson Buchanan, Essay II. p. 254, 2nd edit.; 
or 3rd edit, by O. Reunie, Esq., p. 177. 

+ Mr. Dunlop'a Account of soma Experiments on Cast Iron. Dr. Thomson's 
Annals of Philosophy, vol. xiiL p. 200. 
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it has happened that where iron has been used for greater 
security against fire, the structure has failed from want of 
strength. Such failures have not occurred from any defect 
in the material itself; for it too often happens that such 
works arc conducted by persons of little experience, and less 
scientific knowledge. Men of little experience too frequently 
imagine that a large piece of iron is almost of infinite strength; 
and they often have a like indistinct notion of pressm'e. They 
design to please the eye, without regard to fitness, strength, 
or durability ; instead of ornamenting a support, they make 
the support itself the ornament, and sacrifice everything to 
lightness of effect. The dimensions of the most important 
parts of structures are too often fixed by guess or chance ; 
and the person who calculates the value of materials to the 
fraction of a penny, seldom if ever attempts to estimate their 
power, or the stress to which they will be exposed. 

The manner in which the resistance of materials has been 
treated by most of our common mechanical writers, has also, 
in some degree, misled such practical men as were desirous 
of proceeding upon surer ground ; and has given occasion 
for the sarcastic remark, " that the stability of a building is 
inversely proportional to the science of the builder."* 

When it is considered that it is absolutely necessary that 
the parts of a building or a machine shoidd preserve a certain 
form or position, as well as that they should bear a certain 
stress, it will become obvious that something more than the 
mere resistance to fracture should be calculated. In cases 
where the parts are short and bulky, it may do very well to 
employ the rules for resistance to fracture, and make the parts 
strong enough to sustain four times the load, but such cases 
rarely occur ; and where long pieces are loaded to one-fourth 
of their strength, we may expect much flexure, vibration, and 
instability. 

If a material of any kind be loaded with more than a 

• Euoy. Method. Diet, Architecture, art, Equilibra. 
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certain quantity, it loses the power of recovering its natural 
form, when the load is removed ; the arrangement of its 
particles undergoes a permanent alteration ; and if it supports 
the same load during a considerable time, the deflexion will 
increase, and the more in proportion as the load is above the 
elastic force of the material.* 

On this part of the resistance of materials I have made 
many experiments, both with metals of various kinds, and 
with timber: I find that while the elastic force or power of 
restoration remains perfect, the extension is always directly 
proportional to the extending force, and that the deflexion 
does not increase after the load has been on for a second or 
two ; but when the strain exceeds the elastic force, the exten- 
sion or deflexion becomes irregular, and increases with time. 
I was led into this important inquiry by considering the 
proportions for cannon, and the common method of proving 
them. It appears from my experiments, that firing a certain 
number of times with the same quantity of powder would 
burst a cannon when the strain is above the elastic force of the 
material, though the effect of the first charge might not be 
sensible. The same remarks apply to the methods of proving 

* This important fact, appears to have bean first noticed by Coulomb, whiles 
nuking his experiments on torsion. (Some account has _bcen Riven of Coulomb's 
experiments by Dr. Young, Nat. Phil. vol. ii. p. 383, and also by Dr. Brewster in Lis 
additions to Ferguson's Lectures, vol. ii. p. 231, third edit.) But, in a great cumber 
of substances, we seem to have an instinctive knowledge of this property of mutter : 
a bent wire retains its curvature ; and it may be broken by repeated flexure, with 
much loss force than would break it at ouco : indeed, when we attempt to break any 
flexible body, it is usually by bonding and unbending it several times, aud its 
strength is only beyond the effort applied to break it when we have not power to 
give it a permanent set at each bending. A permanent alteration is a partial frnc- 
ture, and lienco it is the proper limit of strength. Dr. Young, with his usual profound 
discrimination, pointed out tho importance of this limit in applying the discoveries 
in science to the useful arts. 

While the previous edition was in preparation, a copy was received of the " Essai 
The'orique et Experimental Bur la Resistance du For Forge"," of M. Duleau, which is 
founded on similar views of the strength of wrought iron. M. Duleau has ascertained, 
with an apparatus much more imperfect than mine, the fact that iron cannot be con- 
sidered a perfectly elastic body when the strain exceeds a certain force. I shall, iu 
the course of this edition, compare the results of his experiments with those I have 
made, wherever the conditions are similar, 
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the strength of steam engine boilers and pipes > by hydraulic 
pressure : if the strain in proving exceeds that which produces 
permanent alteration, an irreparable injury is done by the 
trial. 

In the moving parts of machines the strain should obviously 
be under the elastic force of the material, and in the second 
Table will be found the flexure and load a piece of a given 
size will bear without destroying the elastic force, 

I think every one, who carefully examines the subject, will 
feci satisfied that the measure of the resistance of a material to 
flexure is the only proper measure of its resistance, when it 
is to be applied where perfect form or unalterable position is 
desirable ; and the measure of its resistance to permanent 
alteration, when it is used where flexure is not injurious nor 
objectionable. 

In order to supply practical men with a convenient and 
ready means of assigning the dimensions of cast iron beams, 
columns, &c., to support known pressures, or moving forces, 
I have drawn up this volume. I am persuaded that its use- 
fulness will find it a place among the common works of 
reference, which are more or less necessary to every architect, 
engineer, and builder. To bring it within as small a compass 
as possible, I have arranged the Tables so as to include as 
many distinct applications as the nature of the subjects 
seemed capable of admitting. 



SOME PARTICULARS TO BE OBSERVED IN USING THE TABLES. 

2. The weight of the beam itself is always to be estimated, 
and added to the load to be supported ; or (because this 
method renders it necessary to estimate the weight before the 
bulk be determined) find the dimensions of the piece that 
would support the load by one of the Tables, and increase 
the breadth in the same proportion as the weight of the piece 
increases the load. If the weight of the piece, for example, 
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be an eighth part of the load, then to the breadth, found by 
the Table, add an eighth part of that breadth ; and so of any 
other proportion. It is not an absolutely correct method, but 
it is simple and correct enough for use. 

3. The Tables and Rules are calculated for soft gray cast 
iron. Metal of this kind yields easily to the file when the 
external crust is removed, and is slightly malleable in a cold 
state. Dr. C. Hutton has justly given the preference to such 
iron, because it is " less liable to fracture by a blow, or shock, 
than the hard metal."* 

White cast iron is less subject to be destroyed by rusting 
than the gray kind ; and it is also less soluble in acids ; there- 
fore it may be usefully employed where hardness is necessary, 
and where its brittleness is not a defect ; but it should not 
be chosen for purposes where strength is necessary. When 
it is cast smooth, it makes excellent bearings for gudgeons or 
pivots to run upon, and is very durable, having very little 
friction. 

White cast iron, in a recent fracture, has a white and 
radiated appearance, indicating a crystalline structure. It is 
very brittle and hard. 

Gray cast iron has a granulated fracture, of a gray colour, 
with some metallic lustre ; it is much softer and tougher than 
the white cast iron. 

But between these kinds there are varieties of cast iron, 
having various shades of these qualities ; those should be 
esteemed the best which approach nearest to the gray cast 
iron. 

Gray cast iron is used for artillery, and is sometimes called 
gun -metal. 

The best and most certain test of the quality of a piece of 
cast iron, is to try any of its edges with a hammer ; if the 
blow of a hammer make a slight impression, denoting some 
degree of malleability, the iron is of a good quality, provided 

• Tracts, yq]. i. p. Hi. 



INTRODUCTION. 



[sect. B 



it be uniform : if fragments fly off, and no sensible indenta- 
tion be made, the iron will be hard and brittle.* 

The utmost care should be employed to render the iron in 
each casting of an uniform quality, because in iron of different 
qualities the shrinkage is different, which causes nn unequal 
tension among the parts of the metal, impairs its strength, 
and renders it liable to sudden and unexpected failures. 
When the texture is not uniform, the surface of the casting is 
usually uneven where it ought to have been even. This 
unevenness, or the irregular swells and hollows on the surface 
of a casting, is caused by the unequal shrinkage of the iron 
of different qualities. A founder of much observation and 
experience in his business pointed out to me this test of an 
imperfect casting. 

Now, when iron of a particular quality is obtained by 
mixture of different kinds, it will be difficult to blend them 
so thoroughly as to render the product perfectly uniform; 
hence we easily perceive one reason of iron being improved 
by annealing, for in passing slowly to tile solid state, the 
parts are more at liberty to adjust themselves, so as to 
equalise, if not neutralise, the tension produced by shrinking. 
But, it is clear that an annealing heat applied after the metal 
has once acquired its solid state, must be sufficiently intense 
to reduce the cohesive power in a very considerable degree, 
otherwise it will not be sensibly beneficial. f These remarks 
apply to glass, and to various metals as well as to cast iron. 

It has been remarked that " iron varies in strength, and 
not only from different furnaces, but also from the same 
furnace and the same melting; but this seems to be owing to 
some imperfection in the casting, and in general iron is much 

* For more information upon tin- subject, see Mr. Fiurbairn'x Experiments upon 
tho Transverse Strength, ice, of Bara of Cant Iron, from various parti of the United 
Kingdom. (Manchester Memoim, ML vi. now series). — Editor. 

+ Dr. Brewster baa shown that the mechanical condition of unannealeil glass is not 
capable of being altered by the heat of boiling writer. Edin, roll. Journal, vol. ii. 
p. 399. 
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more uniform than wood."* I am glad to find my owu 
experience supported by the opinion of a writer so well 
known to practical men as Mr. Banks. But the very great 
strain which large masses of well mixed cast iron will bear, 
when applied to resist the greatest stresses in mill and engine 
work, is now extremely well known in this country. Its 
value was foreseen by our celebrated Smeaton at an early 
period of his practice. Upwards of fifty years ago he com- 
bated the prejudices against it in the following language : 
" If the length of time of the use of these (cost iron) utensils 
is not thought sufficient, I must add, that in the year 1755, 
for the first time, I applied them as totally new subjects, 
and the cry then was, that if the strongest timbers are not 
able for any great length of time to resist the action of 
the powers, what must happen from the brittleness of cast 
iron? It is sufficient to say, that not only those very 
pieces of cast iron are still at work, but that the good effect 
has in the North of England, where first applied, drawn 
them into common use, and I never heard of one failing," f 
These remarks were written in 1782, and the good opinion 
of Smeaton has been fully justified by the experience of suc- 
ceeding engineers ; the grand and varied works of Wilson, 
Renuie, Boulton and Watt, Telford, &o., &c., abundantly 
confirm it. { 

* Banks on the Power of Machines, p. 73. See also p. 94 of the sanio work. 
+ Reports, yol i. pp. 110, 411. 

; One of the boldest Attempts with a new material was the Application of case iron 
to bridges: the idea appears to have originated, in tbo year 1773, with the late 
Thomas Farnolls Pritchard, then of Eytou Turrctt, Shropshire, architect, who, in 
communication with the late Mr. John Wilkinson, of Eroacly and Costlehcad, iron- 
master, suggested the practicability of constructing wide iron arches, capable of 
admitting the passage of the water in a river, such a& the Severn, which is much 
subject to floods. This suggestion Mr. Wilkinson considered with great atlcution, 
and at length carried into execution between Madely and Urosely, by erecting tha 
celebrated iron bridge at Colobrook ! '..!-. which was the firat construction of that 
kind in England, and probably in the world. This bridge was executed by a Mr. 
Daniel Onions, with some variations from Mr. Pritchard'a plan, under the auspices 
and at the expense of Mr. Darby and Mr. Reynolds, of tho iron works of Colobrook 
Mr. Pritchard died in October, 1777. He made several ingenious designs, to 
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Yet I must not omit to remark, that cast iron when it fails 
gives no warning of its approach iug fracture, which is its 
chief defect when employed to sustain weights or moving 
forces ; therefore care should be taken to give it sufficient 
strength. And it will be obvious from the preceding remarks, 
how much its strength depends upon the skill and experience 
of the founder. 

4. The parts of each casting should be kept as nearly of 
the same bulk as possible, in order that they may all cool at 
the same rate. 

Great care should be taken to prevent air bubbles in 
castings ; and the more time there can be allowed for cooling 
the better, because the iron will be tougher than when 
rapidly cooled; slow cooling answers the same purpose as 
annealing. 

In making patterns for cast iron, an allowance of about 
one-eighth of an inch per foot must be made for the contrac- 
tion of the metal in cooling. Also the patterns that require 
it should be slightly bevelled to allow of their being drawn 
out of the sand without injuring the impression ; about 
one-sixteenth of an inch in six inches is sufficient for this 
purpose. 

In notes at the foot of each Table, the mode of applying 
these Tables to other materials is shown, which will be useful 
in exhibiting the comparative strength of different bodies 
when applied to the same purpose, as well as in giving the 
proportions of these materials for supporting a given load. 



■how how stone or brick arches might be constructed with cast iron centres, so that 
the centre ehoultl alsrnya form a permanent part of the arch. These designs were in 
the possession of the late Mr. John White, of Devon-hire Place, one of his grandson*, 
to whom wo are indebted for the preceding particulars of this note. 
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TABLE III.*— Art. 7. A Table to thou the tttigKt or pretturc a cy/WnVw/ pittar <w 
column of cait iron, will iHttain, wth taftly, in hundrtd ueigkta. 



Lonjfth 
or lici^'ht. 


2 ft. 


4 ft. 


Oft. 


8 ft. 


10ft 


12ft, 


14ft. 
If 


16ft 


18ft. 


20ft. 


22ft. 


24 ft. 




Diameter. 


•» tt 

il 

pj 


if 


il 


ti 

« 
'a a 


3| 

==.= 


it 

is a 


11 

Pi 


if 


if 

*J? 


Si 

Si 

? o 


Si 
ft 
*5 


Diameter. 


1 iu. 

u- 

2 — 

?= 

* — 

6 — 

7 — 

8 — 
L' — 

10 — 

11 — 

12 — 


18 
44 

82 
120 
188 
257 
837 
426 
630 
610 
1040 
1314 
1727 
2133 
2580 
8074 


12 

86 
72 
11:> 
178 
847 
320 
418 
522 
607 
1032 
1323 
1716 
2119 
2570 
3050 


8 
28 
60 
105 
163 
232 
810 
400 
501 
692 
1013 
1315 
1697 
2100 
2550 
3040 


5 
19 
4fl 

91 
145 
214 

288 
37* 
479 
673 
989 
1289 
1672 
2077 
2520 
3020 


8 

16 
40 
77 
128 
191 
266 
364 
462 
650 
659 
1256 
1640 
2046 
2460 
2970 


2 
12 

32 
65 
111 
172 
242 
827 
4 27 
625 
S24 
1224 
1603 
2007 
2450 
2930 


2 
9 
26 
55 
67 
156 
220 
301 
394 
407 
887 
1185 
1561 
1964 
2410 
2900 


i 

7 
22 
47 
84 
135 
198 
275 
365 
469 
848 
1142 
1516 
1016 
2358 
2830 


1 

6 

18 
40 
73 
119 
178 
251 
337 
440 
808 
1097 
1467 
1865 
2305 
2780 


1 

6 
16 
34 
64 
106 
160 
220 
310 
418 
765 
1052 
1416 
1811 
2248 
2730 


4 

13 

29 
66 
94 
144 

208 
285 
386 
725 
1005 
1364 
1755 
2189 
WTO 


8 
11 
25 
46 
83 
130 
189 
282 
860 
680 
950 
1311 
1697 
2127 
MOO 


1 in, 

U- 

2 — 
21- 

3 — 

34- 

4 — 

<i- 

5 — 

6 — 

7 — 

8 — 

9 — 

10 — 

11 — 

12 — 



TliU Table wu calculated by Equation xvili. art. 290. It is one of those cones 
w-bero a Table ia most uisoful even to the quickest calculator, because the weight to 
be supported and the length being given, a quadratic equation must be solved to find 
the diameter ; here it ia found by inspection. This Table does not admit of aocurato 
application lo other materials, on account of the form of the equation. It will bo 
nearly correct for wrought iron, but ia not applicable to timber. 

• Thia Table has no solid basis. The very ingenious reasoning, from which llio 
formula ia deduced by which tho Table was calculated, depeuda upon assumptions 
which Mr. Tredgold was induced to adopt through want of experimental data. Bco 
Mr. Barlow's Report on tie Strength of Matcrinls, 2nd voL of the British Association. 
An abstract of an experimental research, to supply this deficiency, ia given in the 
■ Additions."— Euiioil 
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EXPLANATION OF THE TABLES, WITH EXAMPLES OF THEIR USE. 
EXPLANATION OF THE FIRST TABLE. 

8. The first Table (page 9, ait. 5), shows by inspection, 
the dimensions of square beams to sustain weights or pressures 
of from ouc hundred weight to 500 tons ; so as not to be 
bent or deflected in the middle, more than one-fortieth of an 
inch for each foot in length. 

The length is the distance between the supports, as A B, 
fig. 1, Plate I., and the stress, whether it be from weight or 
pressure, is supposed to act at the middle of the length, as at 
C in the figure. The breadth and depth are supposed to be 
the same in every part of the length, and equal to one another. 

The horizontal row of figures at the top of the Table 
contains the lengths in feet. 

The columns, at the outsides, contain the weights in cwts. 
and tons, and the second column, on the left-hand side, 
contains the weights in pounds avoirdupois. 

The horizontal row of figures at the bottom shows the 
deflexion for each length. The other columns show the 
depths in inches. 

EXPLANATION OF THE SECOND TABLE. 

9. The second Table (page 13, art. 6), is intended to show 
the greatest weight a beam of cast iron will bear in the 
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middle of its length, when it is loaded with as much as it 
will bear, so as to recover its natural form when the load is 
removed. If a beam be loaded beyond that point, the 
equilibrium of its parts is destroyed, and it takes a per- 
manent set. Also, in a beam so loaded beyond its strength, 
the deflexion becomes irregular, increasing very rapidly in 
proportion to the load. 

The horizontal row of figures along the top of the Table 
contains the lengths in feet, that is, the distances between 
the points of support ; and the horizontal row at bottom, the 
length of a beam supported or fixed at one end only, which 
with the same load would have the same deflexion. 

The columns on the outsides contain the depths in inches. 

The other columns contain the weights in pounds avoir- 
dupois, and the deflexions they would produce in inches and 
decimal parts, when the beams will be only just capable of 
restoring themselves. 

The breadth of each beam is one inch, therefore the Table 
shows the utmost weight a beam of one inch in breadth 
should "have to bear; and a piece five inches in breadth will 
bear five times as much, and so of any other breadth. 

EXPLANATION OF THE THIRD TABLE.* 

10. The third Table (page 16, art. 7), shows by inspection 
the weight or pressure a cylindrical pillar or column of cast 
iron will bear with safety. The pressure is expressed in 
cwts., and is computed on the supposition that, the pillar is 
under the most unfavourable circumstances for resisting the 
stress, which happens, when, from settlements, imperfect 
fitting, or other causes, the direction of the stress is in the 
surface of the pillar, as shown in fig. 31, Plate IV. 

The horizontal row of figures along the top of the Table 
contains the lengths or heights of the pillars in feet. 

• So« not* to thnt Table— Editor. 
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The outside vcrlicnl columns of the Tabic contain the 
diameters of the pillars in inches. 

The other vertical columns of the Table show the weight in 
cwts. which a cast iron pillar, of the height at the top of the 
column, and of the diameter in the side columns, will support 
with safety. Consequently, of the height, the diameter, and 
the weight to be supported, any two being given, the other 
will be found by inspection. 



EXAMPLES AND US P. OP THE TABLEB. 

11. Example 1. To find the depth of a square bar of cast 
iron, twenty feet in length, that would support ten tons, the 
deflexion not exceeding; half an inch. 

Find the column in Table I. which has the length twenty 
feet at the top, and in that column, and opposite to ten tons 
in either of the side columns, will be found the proper depth 
for the bar, which is 8 inches. 

If the depth 9 8 be multiplied by 171, it will give the 
depth of a square beam of fir that would support the same 
load with the same deflexion. Thus, 171 x 'J S = 16 76 
inches nearly, the depth of the fir beam. 

If the depth of an oak beam be required, multiply by 183 ; 
thus 1-83 x9'S = 17"93 inches, the depth of an oak beam. 

12. Example 2. Required the weight a cast iron beam 
would support without impairing its clastic force, the length, 
breadth, and depth being given ? 

Let the length be twenty feet, and the breadth the same 
as the depth, ten inches. In the second Table, under the 
length twenty feet, and opposite the depth ten inches, we 
find the weight 4250 lbs. for the load a beam one inch in 
breadth would bear ; and this multiplied by 10, gives 
42,500 lbs., or nearly nineteen tons; and the deflexion 
would be O S inches, but the weight of the benm itself would 
be nearly three tons, and its effect the same as if half the 
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three tons were applied in the middle ; consequently the 
greatest load that the beam should be liable to sustain should 
not exceed seventeen tons and a half. 

An oak beam of the same size would support only one- 
fourth of 42,500 lbs. or 10,025 lbs.; and its deflexion in 
the middle would be 0"8 multiplied by 2'S = 2'24 inches. 

A fir beam of the same size would support three-tenths of 
42,500 ms. = 12,750 lbs.; and its deflexion in the middle 
would be 0-Sx2-G=2-0S inches. 

A wrought iron bar of the same size would support 112 
times the weight of the cast iron one, that is, 42,500 * 1 12 
= 47,600 lbs. ; and its deflexion in the middle would be 0'8 
multiplied by 0"86 = , 688 inches. But the reader will 
remember that wrought iron possesses this great stiffness 
only in consequence of the operations of forging or rolling, 
and these operations have very little effect where the thick- 
ness is considerable. 

13. There arc cases where a greater degree of flexure may 
be allowed, and there are others where it ought to be less ; 
but I consider that to which the first Table is calculated as 
nearly the mean, and it is easy to make any variation in this 
respect. 

Example 3. Let it be required to find the depth of a 
square cast iron bar to support ten tons without more 
deflexion than one-tenth of an inch, the length being twenty 
feet. 

By examining the deflexion for twenty feet at the foot of 
the column in Table I. it will be found five times one-tenth 
of an inch • hence take the depth opposite five times the 
weight or fifty tons, which is 14 (5 inches, the depth 
required. 

14. Example 4. Find the depth of a square bar of cast 
iron to support ten tons, the deflexion not to exceed one inch, 
the length being twenty feet. 

This degree of deflexion is double that at the foot of the 
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column headed 20 feet in Table I. ; therefore look opposite 
half the weight, or five tons, and the depth will be found to 
be 8*2 inches. 

I have taken the same length and weight in each of these 
examples for the purpose of showing how much the depth 
must be increased to give stiffness. 

15. When a bar or beam is employed to support a load in 
the middle, or at any other point of the length, a great saving 
of the material is made by making the bar thin and deep,* 
provided it be not made so thin as to break sideways. 

The depth of n beam is sometimes limited by circumstances, 
nnd as no proportion could be given that would suit for every 
purpose, it is left entirely to the judgment of the person who 
may use the Table. But there is a limit to the depth, which, 
if it be exceeded, renders the use of cast iron for bearing 
purposes very objectionable and daugerous where the load is 
likely to acquire some degree of momentum from any cause ; 
for if the depth be increased,*it renders a beam rigid or 
nearly inflexible, and then a comparatively small impulsive 
force will break it. A very rigid beam resembles a hard 
body j it will bear an immense pressure, but the stroke of a 
small hammer will fracture it. 

In order to mark the point where the depth has arrived 
at that proportion of the length which makes it become 
dangerously rigid, I have stopped the column of depths at 
that point, and shoidd it be required to sustain a greater 
weight, the breadth must be increased instead of the 
depth. 

16. Example 5. Find the depth of a rectangular bar of 
cast iron to support a weight of 10 tons in the middle of its 
length, the deflexion not to exceed one-fortieth of an inch per 
foot in length, and the length 20 feet; also let the depth be 
six times the breadth. 



• Tho term depth ia always employed for the dimension in tLe direction of the 
pieiuure, 
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Under the length 20 feet in Table L and opposite six 
times the weight, will be found the depth, which in this case 
is 15 3 inches, and the breadth will be one-sixth of this 
depth, or 2'C inches. 

If a fir beam be proposed to support the same weight with 
the saine quantity of deflexion, multiply the depth 1 5"i5 
iuches by 1*71, which gives 2G'2 inches for the depth of the 
fir beam, and its breadth will be 

26,2 . „»_ . * , 

= 4 '37 inches u early. 



The depth of an oak beam for the same purpose may also 
be found by using the multiplier given for oak at the foot of 
the Table. 

In the same manner, if the depth had been fixed to be 
four times the breadth, look opposite four times the weight 
for the depth, and make the breadth one-fourth of the depth, 
and so of any other proportion. 

17. Example 0. If the breadth and length of a beam be 
given, and it be required to find the depth such that the 
beam may sustain a given weight without impairing its elastic 
force; then, in the second Table, the depth and deflexion 
may be found thus : Divide the given weight by the 
breadth ; the quotient will be the weight, a bcain of one inch 
in breadth would sustain, which being found in the column 
of weights under the given length, the depth required will be 
opposite to it, and also the deflexion. 

Let the given breadth be three inches, the weight to be 
supported 10 tuns or 22,400 lbs., and the length 20 feet. 
Then 

and the weight nearest to 7466 lbs., in the column for 20 feet 
lengths in the second Table is 8330, and the depth 14 inches, 
and the deflexion would be 057 inches. 

Example 7. The second Table may be usefully applied to 
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proportion the parts of a very simple weighing mncliine for 
weighing very heavy weights. For the flexure of a beam 
being directly proportional to the load upon it, while its 
elastic force is perfect, this flexure may be made the measure 
of the weight upon the beam. And a multiplying index may 
be easily made to increase the extent of the divisions so as to 
render them distinct enough for any useful purpose. 

Suppose that 4 tons (8960 lbs.) is the greatest load to be 
weighed, and that the distance between the supports is 16 
feet j and make the breadth of the bar 7 inches. Then, 

^ = 1280 
• ■ 

and the nearest load above this under the length 16 feet in 
Table II. is 1328 lbs. and the corresponding depth 5 inches, 
which may be the depth of the bar. The flexure will be 
1'02 inches, but if the beam be formed as fig. 4, Plate I., the 
flexure will be greater, being nearly 17. (The calculation 
may be made by art. 232.) 

By making the index move over 5 inches when the 
deflexion is one inch, each cwt. will cause the index to move 
over one-tenth of an inch j but the scale should be graduated 
by the actual application of ton weights. 

Two such beams and an index would form a simple weigh- 
bridge, which would be very little expense ; a correct enough 
measure of weight for any practical use, not likely to get out 
of order, and would require no attention in weighing except 
examining the index. And this index might be enclosed, if 
necessary, so as to be inaccessible to the keeper of the weigh- 
bridge. 

18. Example S. To find the diameter for a mill shaft 
which is to be a solid cylinder of cast iron, that will bear a 
given pressure, the flexure in the middle not to exceed one- 
fortieth of an inch for each foot in length. 

Let us suppose the distance of the supported points of a 
shaft to be 20 feet, and the pressure to be equal to 10 tons. 
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Then multiply the pressure* by the constant multiplier 1*7, 
that is, 

10 x 1-7 - 17, 

and in this case, opposite 17 tons in the first Table, and 
under 20 feet, we find 11'2 inches for the diameter of the 
cylinder or shaft. 

But a mill shaft should have less flexure than one-fortieth 
of an inch for each foot in length ; about half that degree of 
flexure will be as much as should be allowed to take place. 
Therefore opposite double the weight, or twice 17 tons, will 
be found the diameter to give the shaft that degree of stiff- 
ness, that is, 13 3 inches. . 

If it be for a water wheel, for example, the stress should 
include every force acting on the shaft ; that is, the weight of 
the wheels on the shaft, and twice the weight of water in the 
buckets of the water wheel ; and though it will exceed the 
actual stress as much as the difference between the weight of 
the water and its force to impel the wheel, the difference is 
too small to render it necessary to adopt a more accurate 
mode of computation. 

Example i). Large shafts are often made hollow in order 
to acquire a greater degree of stiffness with a less weight of 
metal, not only to lessen the first expense, but also to lessen 
the pressure, and consequently friction on the gudgeons. If 
the thickness of the metal be made one-fifth of the external 
diameter, the stiffness of the hollow tube will be half that of 
a square beam, of which the side is equal to the exterior 
diameter of the tube. Therefore in Table I., opposite double 
the stress on the shaft, will be found the diameter in inches 
under the given length. 

For instance, let the shaft be 25 feet long, and the stress 
upon it when collected in the middle IS tons ; under 26 feet 
in Table I. and opposite 2 x 18, or 36 tons, will be found 

* See nrt. 253, or Elementary Principles of Carpentry, Sect. II. art, 96 j or edition 
by Mr. Barlow, Uo. 1S40. 
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15 3 inches, the diameter of the shaft, provided it may bend 
0"65 in., or a little more than half an inch at every revolution. 
If it should bend only half this, then look opposite twice 36 
tons ; the nearest in the Table is 75 tons, and the diameter is 
1S£ inches. The thickuess of metal will be one-fifth, or 
nearly 3| inches. 

19. Example 10. When the diameter of a solid cylinder 
is given, and the length, to find the greatest load it will 
sustain without injury to its elasticity, and the deflexion that 
weight will cause. 

Suppose the diameter to be 11 inches, and the length 20 
feet, then in the second Table, opposite the depth 11 inches, 
and under the length 20 feet, will be found 5142 lbs. Let 
this be multiplied by the diameter 11 inches, and divided by 
the constant number 17; the result will be the weight 
required in pounds. 

In this case it is 33,271 lbs., 

5142 x 11 -M7 = 33,271. 

The deflexion opposite 11 inches and under 20 feet is 
73 in. 

Any different degree of deflexion may be allowed for in the 
same manner as shown in the third and fourth examples. 

APPLICATION TO CASES WHERE THE LOAO IS TO BE UNI- 
FORMLY DISTRIBUTED OVER THE LENGTH OF THE BEAM. 

20. Whether a load be uniformly distributed over the 
length from A to B, fig. 2, Plate I., or it be collected at 
several equidistant points, as at 1, 2, 3, 4, 5, 6, and 7, in the 
same figure, the same rule may be used, as it causes no 
difference that need be regarded in practice. But the effect 
of this load in producing flexure differs from its effect in 
producing permanent alteration. 

It is proved by writers on the resistance of solids, that the 
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D'hote of a load upon a beam, when it is uniformly distributed 
over it, will produce the same degree of deflexion as fivc- 
eighths of the load applied in the middle * (see experiment, 
art. 54, 61, and 62). Consequently, take fivc-ciglitbs of the 
whole load upon the beam, and with this reduced weight pro- 
ceed as in the foregoing examples. 

21. Example 11. Let it be required to find the dimen- 
sions of a cast iron bar to support 10 tons uniformly dis- 
tributed over its length, the depth of the bar to be four times 
its breadth, and the deflexion to be not more than one- 
eightieth part of an inch for each foot in length, or one-fourth 
of an inch, the length being 20 feet. 

Here the five-eighths of 10 tons is 6 tons and a quarter, 
and as the depth is to be four times the breadth, multiplying 
six and a quarter by four gives 25 tons j but the deflexion is 
to be only half that given in the Table; therefore the 25 
must be doubled, which gives 50 for the number of tons 
opposite which the depth is to be found. The depth opposite 
50 tons, and under 20 feet, is 14*0 inches, and the breadth is 

-j- or S65 iuckea ; 

that is, a bar 14*6 inches deep, and 365 inches in breadth, 
will bear a load of ten tons uniformly distributed over it when 
the length of bearing is 20 feet, and the deflexion in the 
middle a quarter of an inch. 

Example 12. Let it be proposed to find the proper 
dimensions for an open girder of cast iron, for supporting the 
floor of a room, the girder being formed as described in fig. 
11, Plate II. (See art. 41). 

Suppose the distance between the walls to be 25 feet, and 
the distance between girder and girder to be 10 feet, then 
there will be 

10 x 25 -= 250 



• Dr. Young's Lectures on Nat. Phil. vol. ii. art. 325, 3J0. Mr. Barlow's TreatLso 
on the Strength of Timber, Cast Iron, ic, art. 55, 1BS7. 
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superficial feet of floor supported by each girder ; and the 
load ou each foot being IGUibs., (see Alphabetical Table, art. 
Floor), 

160 X!W = 40,000 Its. 

is the whole load distributed over the girder. But five- 
eighths of 40,000 is 25,000*5., and multiplying* 25,000 by 
03, we have I57,0001bs. ; the nearest number in Table I. is 
156,800tbs., and the mean between the depths for 24 and 26 
feet is 17*8 inches, which is the depth for the girder; the 
breadth should be one-fifth of the depth, or 



17*8 

-— = 3"56 inchea, 



* 



and the section at A B, and C D, square. 

If the girder were actually loaded to the extent we have 
calculated upon, the depressiou in the middle would be about 
one-third more than is stated at the foot of the Table, in con- 
sequence of the girder being diminished towards the ends ; 
but the greatest variable load in practice is seldom more than 
half that we have assumed, and it is the flexure from the 
variable load which is most injurious to ceilings, &c. 

Again, let the length of bearing be 20 feet, and the 
distance of the girders 8 feet, and the weight 1601bs. upon a 
superficial foot of the floor, then 



20 x 8 x MO - 23,600 lbs. 



the whole load distributed over the girder, 
of this load multiplied by 6 3 is 



And five-eighths 



5 X 6-3 X 25.<>00 



100,800 Iha. 



The nearest number in Table I. is 103,040, and the depth 



It is ahowu in a note to art. 200, that where the breadth and depth of tho .section 
of the ln-..i:: at A B, or C D, fig. II, ia cue-fifth of the entire depth of tho b am in 
tho middle, the atreugth is to that of u square bcaui u I : G'3, and the aiiffucaa ia iu 
the anine proportion. 
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corresponding to a 20 feet bearing is 14*3 inches, the depth 
of the girder required : and 

14-3 

■ 2-86 inches, 

the breadth. 

The examples here given of girders show the dimensions of 
some that were executed several years ago. 

Example 13. The same calculations apply to the form of 
girder shown is fig. 24, Plate III. When the extreme 
breadth at the upper or lower side is one-fifth of the depth, 
divide this breadth into ten equal parts, and make the thick- 
ness in the middle of the depth four of these parts- the depth 
of the projections should be three-fourths of the breadth.* 
With these proportions, the depth at the middle of a girder 
for a 25 feet bearing should be 17'S inches, and the extreme 
breadth 85G inches, as in the preceding example. 

And for a 20 feet bearing 14$, inches deep, and 2'86 
inches in breadth. I have seen some of less dimensions 
employed in several instances, but it is to be hoped such 
examples are not very common. A review of my mode of 
calculation will show that no more excess of strength is 
allowed than ought to be in sucli a material. 

When there is not any length and weight in the Table 
exactly the same as those which are given, take the nearest ; 
the dimensions thus obtained will always be sufficiently near 
for practice. 

22. In applying the second Table, the effect of a load uni- 
formly distributed over the length is to be considered equal 
to that of half the load collected at the middle point, (art. 
139;. Therefore considering this half load the weight to be 
supported, proceed as in the other examples of the use of the 
second Table. 

• Seo note to art, 186, for the reason of tin* rule. 
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EXAMPLES OF THE USE OF TIIE THIRD TABLE. 

23. Example 14. Let it be required to support the floor 
of a warehouse by iron pillars, where the greatest load on 
any pillar will be 70 tons, the height of the pillars being 14 
feet. 

Seventy tons is equal to 1400 cwt. J and in the column 
having 14 feet at the head, in the third Table, 1501 cwt. is 
the nearest weight ; and the diameter opposite this weight in 
the side column is 9 inches, the diameter required. 

If it be wished to approach nearer to the proportion, take 
the mean between the weight above and that below 1400 \ 
that is, the mean between 1561 and 1185, which is 1373, or 
nearly 1400 ; hence it appears that a little more than 83 
inches would be a sufficient diameter, but it is seldom 
necessary to calculate so near. 

Example 15. If it be desired to fix on the diameter for 
story posts of cast iron to support the front of a house ; such 
a one for example as is commonly erected in London where 
the ground story is to be occupied with shops; in such a case, 
each foot in length of frontage may be estimated at 25 cwt. 
for each floor, aud 12 cwt. for the roof ; hence in a house 
with three stories over the shops, the extreme load will be 

S X~25 + 12 = 87 cwt 

on each foot of frontage. Now if the posts be 7 feet apart, 
and 12 feet high, we have 7 x 87 = COO cwt. the load upon 
one post ; and hence we find by the Table, that a pillar 6£ 
inches in diameter would be sufficient; the load 525 cwt., 
which corresponds to a diameter of G inches, being too small. 

If there be only two stories above the pillars, and the 
height of a pillar be 10 feet, the distance from pillar to pillar 
7 feet ; then, 

Vi x 25; + 12 x 7 = 431 c-rt, 
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the whole load for one pillar : and it appears by the Table, 
that a pillar 5 inches in diameter would sustain 452 cwt. • 
consequently 5 inches will he a proper diameter for the 
pillars. 

When pillars are placed at irregular distances, that which 
carries the greatest load should be calculated for, and if it 
happen that such a pillar stands 10 feet from the next 
support on one side, and feet from the next support on the 
other side, add these distnnces together, and take the mean 
for the distance apart ; thus, 

10 + 6 10 . 

2 = "2 = 

the mean distance of the supports. 

The strain upon a pillar cannot be exactly in the direction 
of the axis when the pillars are placed at unequal distances to 
support an uniform load ; and since this unequal distribution 
of supports is extremely common in story posts, the propriety 
of adopting the mode of calculation I have followed is 
evident. 

The diameter of a story post is sometimes made so small 
in respect to its height and the load upon it, that a very slight 
lateral stroke would break it s while we hope that no serious 
accident may occur through such hardihood, we cannot but 
dread the consequences of trusting to these inadequate 
supports. 
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24. In the Introduction, I have stated that one of the 
most valuable properties of cast iron consists in our being 
lie to mould it into the strongest form for our intended 
mrposc ; and in order to ripply this property with the most 
advantage, it will be useful to consider the means of applying 
onr theoretical knowledge on this subject to practice. 

There are two means of increasing the strength of a beam ■ 
the one consists in disposing the parts of the cross section in 
the most advantageous form j the other, in diminishing the 
beam towards the parts that are least strained, so that the 
strain may be equal in every part of the length. 



OP FORMS OF EQUAL STRENGTH FOR BEAMS TO RESIST 
CROSS STRAINS. 



sponding to different modes of applying the load or straining 
force, let us consider the conditions that are essential in a 
practical point of view. In the first place, supported parts 
must have sufficient magnitude to insure stability ; for it is 
much more important that every connection or joining should 
be firm, and that the bearing parts should be secure against 
crushing or indentation, than it is that a small portion of 
material should be saved. When mathematicians investigate 
a form of equal strength, the manner of connecting it or 
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supporting it is not considered. Girard has shown that 
whatever line generates a solid of equal resistance, the solid 
always terminates in a simple point, or in an arris which is 
either perpendicular or parallel to the direction of the strain- 
ing force.* Therefore the forms given by this mode of 
investigation do not answer in practice unless they be properly 
modified. 

26. It may be easily proved, that in a rectangular section, 
when a weight is supported by a beam, the area of the 
section at the point of greatest strain should be to the area 
at the place of least strain, as six times the length is to the 
depth at the point of greatest strain ;f and this is the least 
proportion that ought to be given. Now when the length 
and depth are equal, the area at the point of least strain 
should be one-sixth of the area at the point of greatest strain, 
instead of being a simple point or an arris. 

27. If a beam be supported at the ends, and the load 
applied at some one point between the supports, and always 
acting in the same direction, the best plan appears to be to 
keep the extended side perfectly straight, and to make the 
breadth the same throughout the length ; then the mathe- 
matical form of the compressed side is that formed by draw- 
ing two seraiparabolas A C D and BCD, fig. 3, C being the 
point where the force acts. J Now the curve terminating at 
A, it is necessary in applying it to use, to add some such 

* Traits Analy tique do la I.".' ucc dos Solides, art. 129. 
t For it u shown (art. 1 1 0) that 

but the furce lo resist ilelrusion being as the area simply ; therefore wo must hive 
fl>d' = W ut the weak os t point. Consequently 

6 1:d::bd:Va; 

where I is the length, It d tho area at the point of greatest Bti-ain, and 6' cf th« area 
the point of least strain. 

*• Qreg. Mec-h aiii. - i. art. ISO. It was first shown by Galileo. 
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parts as are indicated by the dotted lines at the extremities. 
The same form is proper for a beam supported in the middle, 
as the beam of a balance. 

28. Irregular additions of this kind, however, render it diffi- 
cult to estimate the effect of the straining force ; therefore, 
some simple straight-lined figure to include the parabolic form 
is to be preferred : this may be easily effected as proposed by 
Dr. Young,* by making the lines bounding the compressed 
side tangents to the parabolas, as in fig. 4. If A E be equal to 
half C D, then E C is a tangent to the point C of an inscribed 
parabola A C, having its vertex at A. 

By forming a beam in this manner, one-fourth of tho 
material is saved ; but the flexure will be somewhat more than 
one-third greater, therefore there is a loss of stiffness in using 
this form. 

29. If the beam be strained sometimes from one side and 
sometimes from the other, both sides should be of the same 
figure, as in fig. 5. In the beam of a double acting steam 
engine, the strain is of this kind. A E and B F should be 
equal, and each equal to half C D as before. 

80. It is sometimes desirable to preserve the same depth 
throughout; and in this case, the section through the 
length of the beam made perpendicular to the direction of the 
straining force should be a trapezium, described in the 
manner shown in the 6th figure, f the force acting perpen- 
dicularly at C, the points of support being at A and-B. A 
figure of this kind would obviously be without stability, but 
modified as shown by fig. 7, the end being formed as shown 
at B,' any degree of stability may be given, and with a less 
quantity of material than when the depth is diminished as in 
le parabolic form. Also, the deflexion is less, which gives 
this form a considerable advantage for bearing purposes. In 
a beam supported in the middle, the same form may be used 
hen the weights act at the ends, as in a balance. 

N*t. Pbilos, vol. i. p. 767- + Gregory's Mechanic*, i. art. 179. 
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81. When a beam or bar is regularly diminished towards 
the points that are least strained, so that all the sections arc 
similar figures, whether it be supported at the ends and 
loaded in the middle, or supported in the middle and loaded 
at the ends, the outline should be a cubic parabola ; * and if 
the section of the beam be a circle at the point of greatest 
strain, the form of the beam should be that generated by the 
revolution of the cubic parabola round its axis, the vertex 
being at the point of least strain. 

But in practice, a frustum of a cone or a pyramid will 
generally answer better, the diameter of the point of greatest 
strain being to that at the point of smallest strain as 3 ; 2,f 

The same figure is proper for a beam fixed at one end, and 
the force acting at the other ; consequently, it is a proper 
figure for a mast to carry a single sail. 

32. If a weight be uniformly distributed over the length 
of a beam supported at both ends, and the breadth be the 
same throughout, the Hue bounding the compressed side 
should be a semi-ellipse when the lower side is straight, \ as 
shown in fig. 8. 

Instead of an ellipse, I usually make the compressed side a 
portion of a circle, of which the radius is equal to the square 
of half the length divided by the depth of the beam. The 
dotted line in fig. 8 show's this form. 

The same form of equal strength should be employed when 
the beam is intended to resist the pressure of a load rolling 
over it ; hence the beams of a bridge, the rads of a waggon- 
way, and the like, should be of this figure. 

33. If a beam has to bear a weight uniformly distributed 
over its leugth, and its depth be everywhere the same, the 
beam being supported at both ends, then the outline of the 
breadth should be two parabolas A C B, A D B, set base to 

• Gregory 'a Mechanics, i. art, or Uuiewon's Mvcbanics, prop, Ixxiii. cor, I. 
t Such a cone or pyramid will include the figure of e^ual strength, the *ubtangent 
of the curve being three times its abscissa. 

; Oitgorj's Mechanics, i. art. 182, or Kmcrson's Mechanics, prop, lixtii. cor. 8. 
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base, their vertices C and D being in the middle of the length, 
as shown in the next perspective sketch.* In practical cases, 
the arcs A C B, A D B, may be portions of circles. 




When the ends are modified as in fig. 7, Plate I., this will 
be the most advantageous form for a beam for supporting a 
load uniformly distributed over its length, as lintels, bres- 
su miners, joists, and the like. 

|4. When a beam is fixed at one end only, and has to 
support a weight uniformly distributed over its length j if the 
breadth of the beam be every where the same, the form of 
equal strength is a triaugle A C B,f fig. 21, Plate III. 

35. If a beam be fixed at one end only, and the weight be 
uniformly diffused over the length, the section being every- 
where circular, then the form of equal strength would be that 
generated by the revolution of a semi-cubic parabola round 
its axis. | 

It will be sufficient in practice to employ the frustum of a 
cone of which the diameter at the unsupported end is one- 
third of the diameter at the fixed end.$ 

• Youngi Nat. PhiL L p. 767. 

+ Emerson's Mechanics, prop, lxxiii. cor. 2. J Ibid. 

§ For tbo equation of the curve in, 

f 

= y ; 

hence, 

j i = the iubtangent = 1*5 x. ; 

and tbo length or the cone tlml would iucludo the form of great oat fitiougth u l b 
limes tb« length of the bcun. 
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SECTION IV. 

OF THE STRONGEST FORM OF SECTION. 



36. When a rectangular beam is supported at the ends, 
and loaded in any manner between the supports, it may be 
observed that the side against which the force acts is always 
compressed, and that the opposite side is always extended j 
while at the middle of the depth there is a part which is 
neither extended nor compressed j or, in other words, it is 
not strained at all. 

Any one who chooses to make experiments may satisfy 
himself that this is a correct statement of the fact, in any 
material whatever; whether it be hard and brittle as cast iron, 
zinc, or glass ; or tough and ductile as wrought iron and soft 
steel ; or flexible as wood and caoutchouc ; or soft and ductile 
as lead and tin. In very flexible bodies it may be observed 
by drawing fine parallel lines across the side of the bar before 
the force is applied ; when the piece is strained the lines 
become inclined, retaining their original distance apart only 
at the neutral axis. In almost all substances, the fracture 
shows distinctly that a part has been extended, and the rest 
compressed ; and in some substances, as wood, lead, tin, 
wrought iron, &c, the place of the axis of motion may be 
observed in the fracture. It was first noticed iu experi- 
ment, and applied to correct Galileo's theory by Marriotte.* 



• Treatise on tlio lEotiou of Water. 4c, translated by Doeogulitre, p. 243, 8vo. 
London, 1718. 
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Coulomb * and Dr. Young Lave made it the basis of their 
investigations, the latter showing the important fact that an 
oblique force changes the position of this axis ; f as has been 
investigated more in detail in this Essay. Lately the place 
of the neutral axis in horizontal beams has been more closely 
examined by Barlow in a numerous course of experiments ; } 
and Duleau has ingeniously shown its place by experiment on 
wrought iron. § The same thing is exhibited in a refined and 
beautiful contrivance of Dr. Brewster's, which he calls a 
tcinometer, and employs to measure the effect of force on 
elastic bodies. || 

The strains decrease from each side towards the middle, 
and in the middle they are insensible. I will call the part at 
the middle of the depth the neutral axis, or axis of motion. 
See Sect. VII. art. 107. 

37. In the case of equilibrium, between the straining force 
and the resistance of a beam, it is a necessary condition that 
the resistance on one side of the axis of motion should be 
exactly equal to the resistance on the other side ; or, that the 
force of compression should be equal to the force of extension. 
Now, in practice, a body should never be strained beyond its 
power of restoring itself; and as it is known from experience, 
that while their elastic force remains perfect, bodies resist the 
same degree of extension or of compression with equal forces, 
it is obvious that, in the section of a beam of the greatest 
strength, the form on each side of the axis of motion should 
be the same ; because whatever is the strongest form for one 
side of the axis must be equally so for the other. Hence, 
the axis of motion in beams of the greatest strength will 
always be at the middle of the depth.1T 

• Mi'tiwircs de l'Acnd6inio des Science*. Paris, 1773. 

t Lecture* on Natural Philosophy, vol. ii. p. 47, 4 to. Loudon, 1805. 

♦ Essay on the Strength of Timber, Ac, 8vo. London. 1838. 

{ Essai Theoriquo et Experimental eur hi Resistance du Fer Forgi?, p. 20, 4 to. 
PnrU, 1820. 

II Addition! to Ferguson's Lectures, vol. ii. p. 232, 8vo. Edinburgh, 1823. 

% These remark* nppljr only to bodies subjected to very moderate strains, pa 
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38. And, as it is shown by writers on the resistance of 
solids, that the power of any part in the same section is 
directly as the square of its distance from the axis of motion, 
(art. 108,) when the strain upon it is the same, it is obviously 
an advantage to dispose the parts of the section at the greatest 
possible distance from the axis of motion, provided that the 
middle parts be kept sufficiently strong to prevent the strain- 
ing force from crushing the extreme parts together, and that 
the breadth be made sufficient to give stability. 

39. It must also be observed that when the parts are not 
of equal thickness, the metal cools unequally, and therefore is 
partially strained by irregular contraction ; it is sometimes 
even fractured by such irregular cooling : for this reason, the 
parts of a beam should be nearly of the same size. A good 
founder may generally reduce the danger of irregular cooling, 
but it is always best to avoid it altogether. 

40. The form of section which I usually adopt in order to 
fulfil these conditions is represented in fig. 9.* A M is the 
axis of motion \ the parts on each side of the axis of motion 
are the same j the metal is nearly of equal thickness, and the 
parts necessary to give strength and stability are disposed at 
the greatest distance from the axis of motion. 

A section of this form is adapted for many purposes ; such, 
for example, as the beam of a steam engine, as in fig. 20 ■ or 
for supporting arches, as in fig, 10, for girders, bearing beams, 
and the like. 

41. V When it is necessary to leave some part of the middle 
of the beam quite open, or when the depth is considerable, 
I have recourse to another method, which has, in such cases, 
a decided advantage in point of economy. It consists in 

ticnlariy in CASt iron; sineo that metal requires, on the average, nearly seven times 
as much force to crush it ob to teAr it asunder, and the breAking strength of tennis 
dopcndn upon these forces. — Editor. 

* This is not tho form of greatest strength to resist fracture; ami the beam pro- 
posed in tho next wtielo (fig, 11, Plato U.) breaks irregularly, and is remarkably 
weak. See Additions. — Editor. 
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making the compressed side of the beam, or that against 
which the force acts, a series of arches, and the other side a 
straight tie. (See fig. 11, Plate IL) If the tie be not 
straight, there is a great loss of strength, and a greater loss 
of stiffness. 

In this figure, the thickness is supposed to be everywhere 
the same, and the narrowest part of the curved side of the 
same width as the straight side ; or, so that the area of the 
section at A B may be the same as the area of the section 
at CD. 

The sketch in the figure is for the case in which the load is 
uniformly distributed over the length, and then the upper 
side should be the proper curve of equilibrium for an uniform 
load. This curve is a common parabola, but a circular arc 
will always be sufficiently near when the rise is so small. The 
upper part of the beam forms an arch, of which the contiuued 
tie forms the abutments, and the smaller arches are merely to 
connect the two parts and give stability to the whole. 

The connexion thus formed is necessary for supporting the 
tie ; and in consequence of this connexion the effect of the 
straining force will be similar to that on a solid beam. 
Several girders and beams for floors have been formed on this 
principle ; and a simple method of proportioning them will be 
found in the second Section. 

All the parts should be kept as nearly as convenient of the 
same bulk, to prevent irregular contraction. 

42. If the load be distributed in any other manner, the 
curve should be the proper curve of equilibrium for that load.* 

For if it be not the proper curve, partial strains will be 
produced in the beam, which will impair its strength. The 
curve of equilibrium should pass everywhere at the middle of 
the depth of the curved part of the beam, and should meet 
the axis of the straight tie in the centres of the supports 



" The BieUiod or Ending the curve of equilibrium is shown in my " Eleuiontnry 
Principle* of Carpentry," Sect. I. art. 47-61. 
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upon which the beam rests. Thus AC being the curve of 
equilibrium, A D the axis or centre line of the tie ; A B 
should be the centre of the support on which the beam rests. 




43. If the load be applied at one point, the upper side 
should be formed of two straight lines, meeting in the point 
where the load is to rest, as at A in fig. 12. 

The openings should be disposed as may best answer the 
purpose for which the beam is intended, but they may 
generally be from 2 to S feet each. When such beams, as 
rig. 11, are used as girders, the openings receive the binding 
joists instead of mortises. 

44. When a beam is to bear a load at one end, the other 
being fixed ; or when a beam is loaded at both ends and the 
support is in the middle ; then the tie should be the upper 
part of the beam : it should obviously be straight for the 
reasons already assigned j and the other parts should be 
straight also, except the small degree of curvature which 
would cause the weight of the part to be balanced by the 
forces concerned. Indeed, the arrangement for this strain 
should be the same as fig. 12 inverted, the support being at 
A, and the load at B and D. 

45. But when the load is uniformly distributed over the 
length, the lower side A C, in the annexed figure, should be 
curved ; the proper curve for an uniform load being a 
common parabola with its vertex at A. By a combination of 
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such beams, a bridge might be formed which would have no 
lateral pressure on its piers or abutments. C D being one of 
the piers, the distance between the points C and D may very 
easily be so arranged, that a given force at A or B would not 
disturb the equilibrium of the frame. 

A bridge of this kind would not be affected by contraction 
and expansion ; because no connexion would be necessary at 




the junction of the beams at A, but such as would allow of 
the motion of contraction or expansion without injury. 

In a design for a large bridge on this principle, which I 
made some years ago, it was contrived to put together in 
parts, without the assistance of centering ; the open work of 
the spandrils being composed of vertical and diagonal supports 
and braces. 



OP THE STRONGEST FORM OF SECTION FOR REVOLVING 

SHAFTS. 

4G. When a beam revolves, while the straining force 
continues to act in the same direction upon it, that form is 
obviously the best which is of the same strength to resist a 
stress at any point of the perimeter of its section, and the 
circle is the only form of section which has this property.* 

* This conclusion lias been objected to bj Navier (Application do la Mdcaniquo, 
note to art. iOi) iu the following terms : — 

" Tlie most conrenieut figure for axes of rotation is made a subject of inquiry in 
the Practical Emoj* on Mill-work by Buchanan, with note* by T. Tredgold, and re- 
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If a shaft be of any other form than cylindrical, the flexure 
will be different in different parts of the revolution, and 
therefore the motion will be unsteady, and particularly in 
new work. In a square shaft (and such shafts are chiefly 
employed), the resistance to pressure at one point is to the 
resistance to the same pressure at another point in the peri- 
meter as ten is to seven nearly (art. 112). In feathered 
shafts, that is, shafts of which the section is similar to fig. 13, 
the resistance is more regular, but not perfectly so.* 

For the same reasons, the sections of the masts of vessels 
should be circular. 

47. As the circle is the best form for the section of a shaft, 
a hollow cylinder will be the strongest and stiffest form for a 
shaft ; and the same form is also best calculated for resisting 
a twisting strain to which all shafts are more or less exposed. 

The idea of making hollow tubes for resisting forces that 
often change their direction, has been undoubtedly borrowed 
from nature ; but in art we cannot pursue the principle to so 
much advantage, because it is difficult to make a perfect 
casting of a thin tube ; and in shafts, &c, of small diameter, 
it is much greater economy to make them solid. 

It is usual to make hollow tubes of uniform diameter with 

edited by George Rcnnie, F.R.S , and in the Praoticnl E-'say on the Strength of Cast 
Iron. Mr. Tredgok! appears to think that tbe circle is the only figuro which gives to 
tbo axes tlio property of offering in every direction the sjiiiio resistance to flexure. 
This error proceeds from his considering the resistance to flexure as being measured 
by the expression which measures the resistance to rupture. Wo Lave already re- 
marked that a square section gave the same resistance to flexure in the. direction of 
the sides and of the diagonals. But moreover, this section gives nn equal resistance 
in every direction ; and the aauie is the case with regard to a great number of figures, 
which may bo formed by combining in a symmetrical maimer the circle and the 
square. It thence results that if the axes strengthened by salient sides, which tbo 
English call feathered shafts, do not answer as well as square axes, or full cylindrical 
ones, this arises probably from their not beiug as well disposed to reaiBt torsion, and 
not from the inequalities of flexure of these axes." — Editor. 

• In heavy astronomical instruments, and in all machines where- steady and accu- 
rate movements aro necessary, every attention should le paid to the effect of flexure. 
Irregularity may bo diminished by excess of strength, but it cannot be wholly 
removed, The reader who wishes to pursue this subject, as far ns regards astrono- 
mical instruments, may consult the Philosophical Magaxine, vol. lx. p. 33S, and voL 
lxL p. 10. 
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gudgeons cast separate, to fix at the ends. The manner of 
calculating the stiffness of hollow tubes for shafts is shown 
in art. 259 and 260, and an easy popular mode at art. 18. 
When they are applied to other purposes, consult art. 178, 
and those following it in the same proposition. 



SECTION V. 



AN ACCOUNT OF SOME EXPERIMENTS ON THE RESISTANCE 
OF CAST IRON. 



48. There have been very few experiments made on the 
resistance of cast iron, in which the degree of flexure pro- 
duced by a given weight lias been measured; but the few 
that have come to my knowledge, and that are sufficiently 
described to admit of comparison, I purpose to compare with 
the rules I made use of in calculating the Tables in this 
work ; and to add several new experiments. 

MR. BANKS'S EXPERIMENTS.* 

49. Mr. Banks made some experiments on cast iron, and 
noticed the deflexion, but only at the time of fracture. These 
experiments were made at a foundry at Wakefield. The iron 
was cast from the air-furnace ; the bars one inch square, and 
the props exactly a yard- distant. One yard in length 
weighed exactly 9 fts., excepting one, which was about half 
an ounce less, and another a very little more. They all bent 
about an inch before they broke. 

1st bar broke with 963 Pis. t 

2d bur broke with 858 " I Mej,n 

3d bar broka with 994 " J 971 * ,bs - 

•1th bar, made from the cupola, broke with £64 " 



* From a treatise " On I ho Power of Mncbinca." by John Bnuks. Komlnll, 1303, 
p. 98. 
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50. Now the rule according to which the first Table was 
calculated is expressed by the equation 

■001 W \?= B D", 

in which the weight in pounds is denoted by W, the length 
in feet by L, the breadth in inches by B, the depth in inches 
by 1), and the number "001 is a constant multiplier, which I 
shall sometimes denote by a. 

The rule determines the dimensions for a deflexion of as 
many fortieths of an inch as there are feet in length, or jg ; 

and if d be the deflexion in inches determined by experiment, 
we have 

which being substituted for the weight in the equation above 
it, becomes 

Wit 

id B D» i 

or, 001 'yfljr- 

The equation, in this form, may be called a formula of 
comparison, as when the value of a determined by it is the 
same I have used, or nearly the same, it will be evident that 
the Table is calculated from proper data. 

51. Taking the mean of the first three of Mr. Banks's 
experiments, we have 

And in the bar from the cupola, or fourth experiment, 

40BD>rf to 




W L» 864 x S7 



= 0017 



The experiments of Mr. Banks indicate therefore that he 
had employed iron of a more flexible quality, but they are 
not sufficiently accurate for establishing the elements of a 
practical rule, because the deflexion was not correctly 
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observed, nor observed at a proper stage of the experiment. 
For when a bar is strained nearly to the point of fracture, the 
deflexion becomes extremely irregular, and increases more 
rapidly than in the simple proportion of the weight, (see art. 
56, 63, G5, and 67,) and consequently must give a much 
higher value to a than the true one, as we find to be the case 
with these experiments. 

If. rondelet's experiments.* 

52. M. Rondelet has described sonic experiments on diflt ri nt 
kinds of cast iron in his work on building, which were made 
upon specimens of 1"066 inches square, supported at the ends, 
and loaded in the middle of the length. 



M, Rondelet't Firtl Experiment*. Distance between the Su/iportt 3-83 feet. 



Weight in Ibe. 


134 


SOI 


268 


335 


Kesnni ks, Jfcc. 


Kind or Iron. 


Defl. 

inch. 


befl. 
inch. 


Doe. 

BMk. 


Dell. 
Inch. 




1. Gray caat iron 

2. Do. do. 


•0S9 
156 


■2 

•313 


•367 
•3S 


'49 
•49 


Broke with 482 Its . 
Broke with 48 2 rbn. 










2) -93 


•49 mean of deflexions, with 
33511)3. 


3. Soft cut iron 

4. Do. do. 
6. Do. do. 
6. Do. do. 


131 

•0223 

•089 

•069 


•SIS 

•067 
•ISO 
•178 


•Itifl 
•131 
•245 
•29 


•62 
•2 
•3S 
145 


Broke with 700 tin. 
Broke with lllOttw, 
Bioko -with 875 lbs. 
Broke with 605 lt>J. 










4)1 -645 


'411 menu of deflexions, 
with 33 5 n.s. 



Extracted from his Traite Theuriquo ct Pratique dc l'Art de BAlir, toino iv. 
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M. Ttunddit's Scnnd Experiment*. ZV«fon« lelieeen the Support! T015 feet. 



Woight in lbs. 


322 


483 


644 


805 


Remarks, kc 


Kind of Iron. 


Dcfl 

Inch. 


Den. 
iueh. 


Dcfl. 
Inch. 


T)«H. 
Inch. 




1. Gray cast iron 
1 Do, do. 


0445 


069 

•ose 


112 


134 


Broke with S80 tba. 
Broke with 1003 tbs. 
Mean of deflexions, with 
483 lbs. ia -08» inch. 


3. Soft ca«t iron 

4. Do. do. 


0445 
•0445 


089 
•067 


184 
134 


■153 


Broko with 1770 lbs. 
Broke with 1360 tin. 






2) -156 






Mean of deflexions with 
483 fts. is -078 inch. 






•078 







In order to compare these results with the formula used in 
calculating the Tables, I have taken the mean deflexions 
corresponding to the load of 335 lbs. in the long pieces, 
aud to 4-83 tbs. in the short ones; and in the gray cast 
iron. 

For tho long length* a = -0013+ 

For the short length* , a = 00135 

In the soft cast iron, 

For the lon& lengths a = -00112 

For the short lengths a = "00118 

These values of a were calculated by the formula of com- 
parison given in art. 50, and the latter ones nearly agree with 
that employed to calculate the Table. 



MR. EBBELS's EXPERIMENT. 

53. According to a trial communicated to me by Mr. R. 
Ebbels, a bar of cast iron, I inch square, and supported at 
the ends, the distance of the supports being 3 feet, the 
deflexion in the middle was njths of an inch, with a weight of 
308 lbs. suspended from the middle. The iron was of a hard 
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kind, not yielding very easily to the file ; it was cast at a 
Welsh foundry. 
In this trial we have 

lOBIFct 40x3 „„„„„„ 

~mr = = '° 00002 = * 

Consequently, iron of this kind is about ^th stronger than 
that which the Table is calculated from, or rather it would 
bend jtfb part less under the same strain. 

Experiment 1. 

54. A joist of cast iron of the form described in fig. 9, 
Plate L, was submitted to the following trials. It was 
supported at the ends only; the distance between the 
supports 19 feet, aud placed on its edge. The deflexion 
from its own weight was 4 - ths of an inch. 

When it was laid flatwise, the deflexion from its own 
weight was 35 inches, the distance of the supports remaining 
19 feet. 

The whole depth a d, fig. 9, was 9 inches, the breadth, a b, 
was 2 inches ; the depth of the middle part, c /, was 1\ 
inches ; and the breadth of the middle part f ths of an inch. 

55. It may be easily shown that to derive the value of a, 
from the experiment on the edge, we may use an equation of 
this form, (see art. 192 and 215,) 

m 40BD* dp -/*»9) m 64 B TP d (1 - g_q) , 

in which D is the whole depth, and p D the depth of the 
middle part, and B the whole breadth, and q B the breadth 
after deducting that of the middle part. 

In our experiment D = 9 inches, and p D = 7*5, or 
p — "833. Also, B = 2 inches, and deducting ft lis, the 
breadth of the middle, we have q B= 125, or q = G25. 
And the weight of the part of the joist between the supports 
being 540 lbs., we fiud a = 00124. 
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The equation for finding the value of a, in the experiment, 
with the joist flatwise, is 



Where 



D = 2inch«,B = 9-7-5 =l-6,/>=-T5 . « 



w 

I consider the value of a derived from the experiment with 
the joist flatwise as nearest the truth, because the deflexion 
was so considerable, that a small error in measuring it would 
not sensibly affect the result, while there must be, some un- 
certainty in ascertaining so small a deflexion as / ths of an 
inch in 19 feet; and a very small error iu this measure would 
cause the difference between the results. I have, however, 
given it, as I determined it at the time, and the manner of 
calculation may be useful in other cases. If the mean be 
taken between the results, it. is 



•00124 + "00092 



•00108. 

the experiment flatwise, we obtain a constant multiplier 
itremcly near to that detennined from a bar of the same iron 
in inch square, and 34 inches long (art. 57), and it differs 
only about ^th part from the one employed for calculating 
the Table, page 12, art. 5. 

Experiment 2. 

36. I now purpose describing the direct experiments I have 
made for obtaining the constant multipliers used in this work ; 
I call experiments direct when known weights are applied as 
the straining force, without the intervention of mechanical 
powers, without loss of effect from friction, or a risk of error 
in estimating the quantity of force, when the yielding of the 
supports cannot affect the measure of the deflexion, and when 
the deflexion can be accurately measured. 

The iron I used was soft gray cast iron ; it yielded easily 
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to the file, aud extended a little under the hammer, before it 
became brittle and short.* 

The first expenment was made with a bar of an inch square, 
cast by Messrs. Dowson, London, with the supports 34 inches 
apart; the weights were placed in a scale suspended from the 
middle of the length ; the load was increased by 10 lbs. at a 
time, and the deflexion measured each time, the quantity of 
deflexion being multiplied by menus of a lever index. The 
whole time of making the experiment was nearly four hours ; 
the thermometer varying from 65 to 6f» degrees. Only half 
the number of observations is inserted here. 



Welclit 
In ftn. 


Don. In 

inch. 


20t 


02 


40 


03 


60 


'04 


80 


06 


100 


Otf 


120 


07 


140 


•08 


160 


OS 


180 


•10 


200 


•n 


220 


■12 



Remarks. 



£ unloaded, and it 
' returned to it* 
( natural state. 



WtWU 

in tin. 


Deft. In 

inch. 


240 


13 


2*0 


•14 


•280 


•15 


300 


•18 


320 


-17 


840 


•18 


360 


•19 


380 


-20 


400 


•il 


410 


•23 



RciiiArkfl. 



( unloaded, and it returned to its 
( natural state. 



' deflexion became irregular ; and 
) when the load was removed, il 
) had taken a permanent set, with 
, a curvature of '01E iueh. 



From this experiment we find that the deflexion of cast iron 
is exactly proportional to the load, till the strain arrives at a 
certain magnitude, and it then becomes irregular ; aud at or 
near the same strain a permanent alteration takes place in the 
structure of the iron, and a part of its clastic force is lost. 
The same thing occurs in experiments on other metals ; I 
have tried wrought iron, tin, zinc, lead, and alloys of tin and 
lead, with a view to measure their elastic forces, and the 
strains that produce permanent alteration. 

• A considerable degree of malleability is n good quality in cast iron for bearing 
purposes, because it lessens the risk of sudden failure. The iron was a mixture of 
Butterlj iron, two parte, with one part of old iron. 

■ The weight of the scale, 8 fts.. ought to bare bocu added. 
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57. According to this experiment, 



si 



40 B D* d 40 M -21 



400 x 227 



•000P25 ■ a. 



Experiment 3. 

58. The next experiments were umde with an uniform bar 
iron, cast by Messrs. Dowson, 3 inches by 1 and 1£ inches, 
6- 5 feet between the supports. When this bar was 
placed on its edge, and loaded in the middle with 

150 Iba. th« deflexion in the middle was \ fortieth of an inch. 

290 tt» .2 do. 

S60 Iba 2^ do. 

440 Iba. 3 do. 

The same deflexions were observed in removing the load, 
ind it perfectly regained its natural state. Whence we have, 

W - 410x174-^ - 00106 - * 



Experiment 4. 

59. The same piece, with the supports at the same distance, 
2d flatwise, and loaded in the middle with 

180 fl>s, the deflexion in the middle was 5 fortieths of an inch. 

aeon*. . , . . . 10 do. 

The bar restored itself perfectly when the weights were 
removed, and the trial was repeated with the same results ; 

le load, of 36Utbs., remained upon it ten hours without 
impairing its elastic force, or increasing the deflexion in the 
slightest degree. 

60. From this and the preceding experiment, the ratio of 
the breadth and depth to the quantity of deflexion may be 

ompared when the weight is the same. According to the 
heory of the resistance to flexure (art. 25C), 
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and for the weight of 360ft>s. we have 



1 „. K 25 



as it was found to be by experiment. 

To find the constant multiplier from the last experiment, 
we have 

40 BD J fi 3 v 3-375 * 10 



3GU * 274 025 



= -00102 = a. 



This value of a does not exactly agree with the one 
calculated from the first experiment on the same piece ; but 
it is as near as can be expected in a case of this kind; and in 
a practical point of view it is as near an approach to accuracy 
as the nature of the subject requires. 

Experiment. 5. 

61. I was desirous of trying the effect of an uniformly 
distributed load, and my weights, which are cubical pieces of 
cast iron, all of the same size, and each weighing lOlbs., are 
very well adapted for the purpose. 

The same piece that was used for the last experiment was 
laid flatwise upon supports, the supports being 6 feet 6 inches 
apart, and 18 weights (in all ISOlbs.) were laid along the 
upper side, just so as to be clear of one another, in the 
manner shown in fig. 2, Plate I. The deflexion produced by 
these weights was ^ths of an inch. 

A second tier of weights being added, making the whole 
weight upon the bar 3G01bs. f the deflexion was ^ths of an 
inch. 

02. Hence it appears, that when the weight is uniformly 
distributed over the length, the deflexion is directly as the 
weight. 

And comparing this with the preceding experiment, it 
appears, that the deflexion from the weight uniformly dis- 
tributed over the length, is to the deflexion from the same 
weight applied in the middle of the length, as 6 is to 10. 
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The proportion obtained by theoretical investigation ia as 5 
to S j but as 6 : 10 : : 5 : S^. This small difference arises 
undoubtedly from error in measuring the deflexions in the 
ixperiments. 

To compare the value of the constant multiplier by this 
tperiment, the equation 

fWL» * 

mst be used, whence we find a =*00003. 



Experiment 6. 

63. This experiment was made upon a piece of iron cast 
ay Messrs. Braiuah, of Pinilico, London. It crumbled sooner 
under the hammer than that used in the preceding experi- 
ments, and did not yield quite so readily to the file ; it was 
regular and fine-grained. 

The piece was uniform, and ^ths of an incli square; the 
supports were 3 feet apart, and the weight was applied in the 
middle of the distance between the supports. 
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fir-t ; and it ffJU further loaded 
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1 which became Eu 






1*8 desail.od. 


4S0 


•57 


j iu» hour '5S. 



When the weights were removed, the piece retained a per- 
manent deflexion of 075 inch ; but it was several hours 
before it returned to that curvature. I did not break the 
pecimen, because I had not weight enough by me for that 




54 



EXPERIMENTS ON CAST IRON. 



[«ecr. v. 



purpose, neither would it have given a fair measure of the 
strength of the iron after the trials I have described j but 1 
hope the effect of these trials will make the reader sensible of 
the necessity of limiting the strain within the range of the 
elastic force of the material. 
According to this experiment, 

40 BD*d 40 x -9< x -21 



W V 



20U M 27 



U0102 



COMPARISON OF THE PRECEDING EXPERIMENTS. 

64. If the mean value of the constant a be taken for the 
experiments from art. 53 to 63, it is 001 0446. The 
number used in calculating the first Table (art. 5, p. 0) was 
O'OOl, a sufficiently near approximation, with the advantage 
of much simplicity. 

Experiments 7, S, and 0; 

65. The next trials were made with specimens formed as 
shown in fig. 4, Plate I., with the deepest part CD exactly 
in the middle of the length, and the depth, at CD, 0'975 
inch \ the depth E A and BF were each half that at C D, 
The distance of the supported points A B was 3 feet, and the 
breadth of the bars 75 inch. The load was suspended from 
the point C in the middle of the length, and the deflexion was 
measured at the same point: the load was increased by lOlbs. 
at a time. 



Weight noting on 
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lit Specimen. 
Dcflex. produced. 


?ud Si .... ; in- m 
Deflox. produced 
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On the first specimen .the load of ISOlbs. remained twelve 
hours ; the deflexion did not sensibly increase, and it returned 
to its natural form when unloaded ; it was again loaded to 
200tbs., which remained upon it two hours ; it was then un- 
loaded again, and was found to have taken a permanent set 
with a deflexion of 005 inch. The specimen was then loaded 
again, and the deflexions observed at every 201bs. : the de- 
flexion produced by the addition of 20lbs. was at first 026, 
became 03, 04, and towards tho end of the experiment 05. 
When the load had been increased to 360Ibs., in every 
succeeding addition of lOlbs. I observed that the deflexion 
increased by starts of as much as x^yth of an inch each, 
which appeared to be caused by the ends sliding on the sup- 
ports, at the moment the weight was added ; the bar emitted 
a slight crackling noise, like that produced by bending a 
piece of tin. There was a smnll defect in the bar at the place 
where it broke, which was 4 inches distant from the middle. 

When the second specimen was unloaded, immediately, 
from a weight of 2U01bs. it barely returned to its natural 
form; but a load of ISOlbs. produced a permanent deflexion 
of "005 when it remained upon it fourteen hours. 

The load of 200lbs. remained twenty-one hours upon the 
third specimen, and when it was unloaded the index returned 
to zero ; therefore this strain was less than would produce a 
permanent set. The set was nearly 01 when the load was 
increased to 210ibs., and remained upon it ten hours. It 
was a smoother and better casting than the other specimens. 

There did not appear to be any sensible difference in the 
quality of the iron in these specimens, except that the second 
specimen was more brittle under the hammer than the other 
iwo. They were all fine grained, and yielded easily to the 
tile. They were cast by Messrs. Bramah. 

G6. I was proceeding with a trial of a piece of the same 
kind of iron, formed as described in fig. 4, Plate I., when it 
broke suddenly, at about a foot from the end, at an d' 1 * 
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bubble. The bubble was not apparent on the surface, and 
yet so near it, that a slight stroke of a hammer would have 
broken into it. Pounders should be very careful to avoid 
defects of this kind ; and beams to sustain great weights 
should always be proved to a deflexion within their range of 
elasticity before they are used. 

lii'j/eriiuentg 10, 11, and 12. 

67. These trials were made on three pieces of uniform 
breadth and depth, with the supports 3 feet apart, the load 
being applied in the middle of the length. The depth "9 
inch, and the breadth the same. 
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The load of 200 lbs. remained twelve hours on the first 
specimen, and when it was unloaded the quantity of per- 
manent deflexion was barely sensible ; aud it was loaded and 
unloaded again with the same result. 

The load of 180 lbs. remained three hours on the second 
specimen ; it had not increased the deflexion, but when the 
load was removed, it was found that the bar had acquired a 
permanent set of nearly x^jth of an inch. 

In the third specimen the bar returned perfectly to its 
natural form when the load was removed, after being upon 
it three hours. 

Of these specimens the third was the most brittle under 
the hammer, aud the hardest to the file; there was not a 
sensible difference between the other two ; both weic soft 
iron. These specimens were cast by Messrs. Bramah. 
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68. The chief object in view in the experiments No. 2, 6, 
7, b, 0, 10, and 11, was to determine the strain a square 
inch of cast iron would bear without permanent alteration, 
and the extension corresponding to that strain. Calling / 
this strain in pounds, the experiment 2 gives /= 15,300 lbs. 
= 6*8308 tons, as calculated in art. 143 } and the others 
being calculated by the same formula, in experiments 6, 10, 
and 12,/= 14,814 ; in experiments 7, 8, and D,/ = 15,160 ; 
and in experiment 11,/= 13,333 Its. The greatest dif- 
ference amounts to about |tli of the highest value of /; but, 
in the experiment 2, the load was taken off after remaining 
only about ten minutes on the bar ; in the others it remained 
for several hours. The former I consider most strictly 
applicable to practice ; and yet it was desirable to show that 
a force acting a considerable time will produce a permanent 
set, when the same force could not produce it in a few 
minutes. 

69. In art. 212, it is calculated that the extension pro- 
duced by the strain of 15,300 lbs. in experiment 2, was m 
of the length ; * and by the same mode of calculation the 
extension in experiment is found to be jyj^, in experiment 

10, j^g, in experiment 11, and in experiment 12, 
Also, by the equation, art. 127, the extension in experiment 
7 is found to be in experiment S, j-^, and in experiment 

"i 1367' 

The difference between the extension in the Sth and 9th 
experiments is the most considerable ; and the mean between 

these is which differs very little from the number 

used in the rules. 

70. A Table of the chief experiments that have been made 

* The ei tension in experiment '2 has been ro-c ilculated, euii found to bo the same 
ma here stated, by Professor Leslie, whose mode of cnlculntion is different. See 
LoabVs ElomouU of Natur.il Philosophy, vol. L p. 240. Edinburgh, ls:!3. 
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on the absolute strength of cast-iron burs to resist a cross 
strain, the bars supported at the cud, and loaded in the 
middle. 
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The two columns on the right hand side are added to show 
the relation between the load which permanently destroys a 
part of the elastic force, and that which breaks the piece. It 
will be seen that the load which would produce permanent 
alteration, according to the formula as derived from my 
experiments, is about £rd of that which actually broke the 

specimens ; in the worst kind tried, it is ^ of the breaking 

weight. 

In the preceding Table, the experiments 1, 2, and 3, were 
made by Mr. Reynolds. No. 1 was twice repeated with the 
same result. No. 2 is a mean of three experiments.* Hence 



* Bants on the Power of Machine, 3 , p. SO. 
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the mean ratio will be about 1 : 27. The experiments No. 4, 
5, C, 7, and 8, were made by Mr. Banks j* the mean ratio 
being 1 : 3 3. The rest were made by Mr. George Reunie, 
and all of the bars of his experiments were cast from the 
cupola ; f the mean ratio being 1 i 3 4. 

71. Allowing that the preceding experiments are sufficient 
to fix with considerable certainty the utmost strain that ought 
to exist in any structure of cast iron, still there is abundant 
scope for new experimental research j and that which perhaps 
may be considered of most importance is the effect produced 
by combining iron of different qualities. 

Through the kindness of Mr. Francis Bruinah, I am enabled 
to begin this inquiry. He has furnished me twelve specimens, 
of six different kinds of iron ; that is, two specimens of each 
kind. Of these kinds three were run from pig iron from 
different iron works; one kind was run from old iron, usually 
termed scrap iron ; another kind a mixture of old iron and 
iron in equal parts, and the sixth kind pig iron with an 
iy of fgth of copper. 
Before I begin to describe the experiments, it will be 
proper to inform the reader what method I pursued in 
ing them. I knew, from previous trials, that the force 
which produces a permanent set cannot be determined with 
that precision which is necessary in comparing iron of 
different kinds ; we can merely observe when it is, and when 
it is not sensible ; and it is most likely that it becomes so by 
gradations which we cannot trace. It was desirable to ascer- 
tain whether a load equivalent to 15,300 lbs. upon a square 
inch would produce a set or not ; and a load of 1 Gxl lbs., on 
the middle of a bar of the size of the specimens, causes that 
degree of strain : hence, in specimens of the same size, the 
flexure by this load gives the comparative power of the 



Banks on the Power of Machine* " 
t Philosophical Transactions for 
178. 



ThUoBopuionl Magazine, toL lift 
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different kiuds, particularly when compared with the quantity 
of set produced by this or some additional load. But in 
specimens of different sizes, the comparison is most easily 
made by calculating the modulus of resilience, or resistance 
to impulsion, which gives the toughness or relative power of 
the material to resist a blow. Yet, even then it should be 
tried what strain will produce permanent alteration, or that 
which causes fracture, otherwise the comparative goodness of 
the iron will not be known j I have tried both in each of the 
varieties of iron. 

For all purposes where strength is required, that iron is to 
be esteemed the best which will bear the greatest degree of 
flexure without set, and the greatest load. The worst and 
most brittle pieces of iron have the greatest degree of stiff- 
ness j consequently the highest modulus of elasticity ; for 
even the most flexible kind of iron is sufficiently stiff.* 

In the iron which was taken as a good medium to calculate 
from (see experiment, art. 56), we found 

The furce that it would bear without permanent alteration 10,100 Iha. 

The extension in porta of the length extended . . . ^ 

The modulus of elasticity for a base 1 inch square . . 18,400,000 Its. 

The modulus of resilience ....... 127 

These numbers being compared with the results of the 
experiments now to be described will afford the means of 
judging bath of the qualities of the iron experimented upon, 
and of the fairness of the mean data I have employed. 

OLD PARK IRON. 

72. Two specimens run from this kind of pig iron, each 

" I have hol e followed the principle* uf Luinpuriiig materials which Tvore first giTen 
in my " Elementary Principles of Curpmtry," art. 363—373. The toughness is 
measured by the same data tis iu that win k, only here a gaDBToJ numbrr of com- 
parison is used instead of making one material a standard of ooinp.iriaou. Tho term 
mWidrm of rt*ilirtiff t I have ventured to apply to the number which repr< senU the 
power of a material to resist an iiupnUive force ; ami when I say that one material ia 
tougher than mother, it is in eouscfiueucu of timling till* modulus higher for that 
which i« flasTBrilwfl as the louglicat : sec urta. to 304, further on. 
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3 feet in length, and smooth, clean, and regular castings, 
were first put in trial. The section of the bars rectangular j 
depth 65 inch; breadth 13 inches; the supports 2'9 feet 
apart ; and the load suspended from the middle. 



Weight applied. 


EOect on lit bar. 


£ffeat on .1. 1 bar. 


B>». 

60 
120 
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in. 

bent 1 
02 
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bent 01 
„ 0203 
„ 0275 

j set barely 

( perceptible. 
„ 0-33 «et 005 



The iron was slightly malleable in a cold state ; yielded 
easily to the file. The fracture dark gray with a little metallic 
lustre ; fine grained and compact. 

We may consider 162 lbs. as the greatest load it would 
bear without impairing its elastic force ; and 27 is the 
mean between the flexures produced by this weight ; there- 
fore, calculating on these data, we have 

The strain it would bear on a square inch without permanent 



alteration 15,890 ft>s. 

Extension in length by H i strain Trm 

Modulus of elasticity for a base of an inch squnre . . 17.74 1.0UO 11.8. 

Modulus of resilience 13 4 

Specific gravity ......... 7092 



The absolute strength to resist fracture was tried by fixing 
the bar at one end, the load being applied by fixing n scale 
at the other end, and adding weights till the bar broke. The 
second bar tried in this manner broke with 184 lbs., the 
leverage 2 feet ; fracture close to the fixed end, metal sound 
and perfect at the place of the fracture.* 

Hence, calculating by equation, art. 110, the absolute 
cohesion of a square inch is 48,200 its. ,f or 315 times 

• These are circumstances which must havo pl*ce, otherwise the experiment docs 
not give a. fair measure of the strength. 

+ This errotiwuH conclusion as to the great strength of cast iron, into which 
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15,800 fos., the strain which has been found incapable of 
causing permanent set. 

Hence I infer, that this iron is superior in toughness, and 
less stiff than the mean quality. 



AULLPHI IRON. 

73. The specimens of this iron were clean good castings of 
the same dimensions as those of Old Park iron. That is, 
depth 65 inch; breadth 13 inches; distance between the 
supports 8*9 feet. 



Weight applied. 


Effect on 1st bar. 


Effect on 2nd bar. 


Dm. 


In. 


in. 


60 


bent 01 


bent 1 


120 


.. 0-2 


„ 0-205 


iea 


„ 0-26 no set. 


„ 0'27 no set. 


1S2 


„ 0-8 eat -0075 


,, 0'305 set -005 



Comparing this with the preceding experiments on Old 
Park iron, it is stiffer, and sooner acquires a permanent set. 
It is also somewhat harder to the file, and more brittle under 
the hammer. The colour of the fracture was a lighter gray, 
with less metallic lustre. 

Its elasticity is not affected by the load of 1(52 fts. ; there- 
fore 

It will bear upon a square inch without permanent alteration 15, 390 |l>*. 

And the mean of the two experiments gives the extension . 

Modulus of elasticity for a baso of 1 square inch . . 18,007,000 Ibi. 

Modulus of resilience 18"1 

Specific gravity 7 07 

The second bar, fixed at one end with a leverage of 2 feet, 
broke with 173 lbs. ; the fracture close to the fixed end, and 
the place of fracture sound and perfect. 



Nitvier, as welt as Tredgold, has fallen, arises principally from a supposition that the 
neutral line remains stationary during tbe flexure of the body, See " Additions," or 
Notes to Arts. «8 and H3 — Ebitoh. 
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According to this experiment, the absolute cohesion is 
45,300 fts. for a square inch, or 2 96 times 15,300 lbs. 

A comparison of these trials shows that the difference 
between Adelphi and Old Park iron is not much, but that 
the Old Park is superior, particularly in absolute strength ; 
for it required 1S4 lbs. to break the one, and only 173 lbs. to 
break the other. 

ALFRETON IRON. 

74. There was not a sensible difference between the size of 
these bars and the others. The depth - 65 inch; breadth 
1*8 inches; distance between the supports 2*9 feet. 



W«t?ht ippl 1*4. 


Effect on 1st bar. 


Effect on 2nd bar. 


ft* 


in. 


in. 


60 


bent 01 


bout 0-1 


120 


„ 0-2 


„ 0195 


162 


., 0-27 no set. 


„ 0"28 no B«t. 


383 


.. 0-31 small net. 


„ 0-325 small set. 



This iron differs very little from Old Park, a little more 
flexible, but very little. It seemed, if anything, somewhat 
harder to the file, but of a less degree of malleability ; for 
instead of extending, it crumbled under the hammer. Fracture 
scarcely differing from that of Adelphi iron. 

These bars bore 162 lbs. without set, and the mean 
deflexion was '275. Hence, 

The iron would bear upon a square inch withmit permanent 

alteration 15,390 B>s. 

Extension in length by this stmin i', T 

Modulus of elasticity for a blue of 1 ioch tqunre . . . 17.406,000 His. 

Modulus of resilience 13'6 

Specific gravity .... .... T"04 

The second bar, fixed at one end, broke with 153 lbs., the 
leverage being two feet, the fracture close to the fixed end, 
nnd the metal sound and perfect at the place of fracture. 

The absolute cohesion, according to this trial, is 40,000tbs. 
for a square inch, or 2*63 times the force of 15,300 lbs. 
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Tliis is a soft species of iron, and may answer extremely 
well alone, for castings where strength is not required ; but 
it is the weakest iron I have tried, and would most likely be 
much improved by mixture. 

BGBAP IRON. 

76. These bars were ruu from old iron. They were 
uneven on the surface, indicating that irregularity of shrink- 
age which has been noticed in the Introduction (page 8). 
The depth of the bars 0'65 inch; the breadth L'8 inches; 
the distance between the supports 2 '9 feet. 



Weight WjfinA 


Kffect on 1*1 bar. 




EQoct 


on 2nd h»r. 


lb.. 


In. 




lu. 




60 


bent 0-00 


bent 0-O'J 




120 


„ 0-18 


** 


018 




102 


„ 0'25 no set. 


n 


0'255 


no set. 


180 


„ 0-28 no set. 


it 


0-285 uo set. 


190 


„ 3 small Mt. 


ii 


it 


J iet not 
| certain. 


210 


ii Si set 005 


H 


34 


not -004 



This iron was very hard to the file, and very brittle, frag- 
ments flying off when hammered on the edge, instead of 
indenting as the preceding specimens. 

The fracture dead or dull light gray; no metallic lustre ; 
not very uniform j fine grained. 

These bars showed no sign of permanent set with a load 
of 180tbs. ; but, to whatever cause this greater range of 
elastic power may be owing, it certainly would be unsafe to 
calculate upon it in practice. I shall therefore consider the 
load of 1 02 lbs., and a flexure of 25 inch, the data to 
calculate from ; accordingly, the 

Force of a square inch without permanent alteration • . 15,390 lbs. 

Extension in length by th\a strain Tj * s 

Modulus of elasticity for a baso of 1 square inch . . . 19,130,000 lbs. 

Modulus of resilience 12 4 

Specific gravity .... .... 7'219 
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Fixed at one end, with a leverage of 2 feet, the second bar 
broke with 168 lbs., with one fracture at the fixed end; but 
the bar flew into several pieces. 

This gives the absolute cohesion of a square inch 44,000 lbs., 
or nearly 2 9 times that strain which I consider to be the 
greatest cast iron should have to sustain. 

From these elements we may conclude, that a casting of 
scrap iron will be ^ stiffer than one from Old Park iron ; 
that it has ft less power to resist a body in motion, and that 
it is less strong in the ratio of 168 to 184. 

76. The castings run from this mixture were even and 
clean ; such as indicate a perfect union of the materials. The 
depth 65 inch; the breadth 13 inches; and the distance 
between the supports 2*9 feet. 



MIXTURE OF OLD PARK AND GOOD OLD IRON IN 
EQCAL PAltTS. 



Weight applied. 


Effect on lit bar. 


Effect on 2nd bar. 


Sin. 

72 
140 

182 
182 

202 
220 
800 


In. 

bent 0-1 

„ 0-2 

„ 0-24 no set. 
„ 0-27 no net- 
„ 0-3 Btnall H©t. 


In. 

bent Oi 

„ 0-2 

., 0*246 no set 
„ 28 no aeL 
„ 0-31 small 
„ 0-34 Bet '005 
„ 475 mt -03 



The iron was rather hard to the file ; it indented with the 
hammer, but was rather short and crumbling. 

Fracture a lighter gray, and more dull than Old Park iron ; 
,-ery compact, even, and fine grained. 
The bars did not set with a load of 182 lbs., therefore the 
of 162 lbs. is sufficiently within the limit; the flexure 
dth that load is 245, consequently we may state its 
properties thus : 
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Force on a square inch that does not produce permanent 



ul tt--r.it ion 15,390 On. 

Extension under this strain ....... nrW 

Modulus of elasticity for a base of 1 inch square . 10,514,000 Ib«. 

Modulus of resilience ... .... 12*1 

Specific gravity .... .... NM 



When the second bar was fixed at one end, it broke with 
174 lbs., acting with a leverage of 2 feet ; fracture close to the 
fixed end. Therefore the absolute cohesion of a square inch 
is 45,600 lbs., or very nearly three times the strain of 
15,300 lbs. 

In this mixture there is clearly too great a proportion of 
old iron ; it is rather inferior to the quality of our mean 
specimen (art. 56). About one of old iron to two of the Old 
Park pig iron would be a better proportion. It is worthy of 
remark, that the absolute strength is nearly the mean of the 
two kinds which form the mixture, and so is the specific 
gravity. 

ALLOY OP PIG IRON SIXTEEN PARTS, COrPER ONE PART. 

77. It has been said that iron is much improved by a small 
proportion of copper ; it was desirable, therefore, to ascertain 
its effect, and the advantage, if any, of employing it. The 
breadth of the specimens 125 inches; the depth "075 inch ; 
the distance between the supports 2"9 feet. The load which 
ought not to produce permanent alteration, about 107 lbs. 



Weight Applied. 


Effect on Inl l»r. 


Kflcct on 2nd lmr. 


ths. 


In. 


In. 


eo 


bent 0-1 


bent U'l 


122 


n 0-2 


h <r| 


167 


„ 275 no set. 


„ 265 no set 


180 


„ 3 no set. 


„ 29 no set 


20 1 


„ M set -003 


„ 0-325 set 002 


300 


.. O'fi 





These bars yielded freely to the file, but were short 
and crumbling under the hammer. I expected to have found 
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them more ductile. The fracture dark gray, fine grained, 
and more compact than Old Park iron ; with less metallic 
lustre. 

The load of 167 lbs. did not produce auy degree of set, the 
mean flexure by this load 27 ; and assuming this to be as 
great a load as it should bear in practice, we have, 

Force oo n iquare inch tint does not produce permanent 



alteration 15,300 It*. 

Extension under this (train ; 

Modulus of elasticity for n base of 1 inch square . . 1 6,921 ,000 lbs. 

Modulus of resilience 13-8 

Specific gravity 713 



To try the absolute strength, the second bar was fixed at 
one end, and the scale suspended from the other end; 
weights were then added till the bar broke : the fracture took 
f)lace close to the fixed end, and it required 15)4 lbs. to break 
the bar. 

According to this experiment, the cohesive force of a square 
inch is 52,000 lbs., or 3 4 times the strain that will not give 
permanent alteration. 

It appears that copper increases both the strength and 
extensibility of iron. 

EXPERIMENTS ON THE RESISTANCE TO TENSION. 

78. According to an experiment made by Muschenbroek, 
a parallelopipedon, of which the side was '17 of a Rhinland 
inch, broke with 1930 lbs. ;* and since the Rhinland foot is 
1 03 English feet, and the pound contains 7038 grains, this 
experiment gives 63,280 lbs. for the weight that would tear 
asunder a square inch, when reduced to English weights and 

ures. 

79. An experiment made by Capt. S. Brown is thus de- 
scribed: "A bar of cast iron, Welsh pig, 1$ inch square, 3 
feet 6 inches long, required a strain of 11 tons 7 cwt. 

• MuschenbroeVn Introd. ad Phil. Nat. vol. L p. *17. 1762. 
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(25,424 lbs.) to tear it asunder: broke exactly transverse, 
without being reduced in any part ; quite cold when broken ; 
particles fine, dark bluish gray colour/'* 

Capt. Brown's machine for trying such experiments being 
constructed on the principle of a weigh-bridgc, Mr. Barlow is 
of opinion it may show less than its real force ; it also may be 
remarked, that to obtain the real force of cohesion, the re- 
sidtant of the straining force should coincide exactly with the 
axis of the piece, for so small a deviation in this respect as £th 
of the breadth would reduce the strength one half. 

From this experiment it appears that 16,265 lbs. will tear 
asunder a square inch of cast iron. 

80. In some experiments made by Mr. G. Rennie, it is 
obvious, from the description of the apparatus, that the strain 
on the section of fracture would not be equal ; and, therefore, 
that the straining force would be less than the cohesion of the 
section. The specimens were C inches long, and Jth of an 
inch square at the section of fracture. A bar cast horizontally 
required a force of 11 (56 lbs. to tear it asunder. A bar cast 
vertically required a force of 12 IS lbs. to tear it asunder.f 

Per aquurr Inch . 

In the horizontal casting the force wi»b equal to . . . . 18.456 11*. 
And in vertical easting , , ..... 19,488 „ 

EXPERIMENTS ON THE RESISTANCE TO COAIPRESSION IN 
SHORT LENGTHS. 

81. The power of cast iron to resist compression was 
formerly much over-rated. Mr. Wilson estimated the power 
necessary to crush a cubic inch of cast iron at 1000 tons = 
2,240,000 lbs. ; and in describing an experiment by Mr. 
William Reynolds, of Ketley, in Shropshire, a cube of Jth of 
an inch of cast iron, of the quality called gun-metal, was said 

* Eany on the Strength of Timber, &c. by Mr. Barlow. 

t Philosophic*! Traniactioni for 1818, Part I,, or Philoecphieal Mngiizine, toJ. liii, 
p. 167- 
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to require 44S,000 lbs. to crush it.* But Mr. Telford, for 
whom the experiments were made, was so kind as to com- 
municate the correct results of the experiments made by Mr. 
Reynolds ; and it appears that 



A eubo of J tli of an inch of soft gray metal wu crushed by 
80 ewt . 

Ditto of the kind of oast iron called gun-metal was crushed 

by 200 cwt = 350,4 00 It*. 



Per square inch. 
143, 360 lbs. 



82. Such was the state of our knowledge on this important 
subject, when Mr. G. Rennie communicated a valuable series 
of experiments to the Royal Society, which were published in 
the first part of their Transactions for 1818. 



Mr. Rnnit'i Experiment* on cube* from the middle of a large block ; iptcijis 
gravity 7 '033 : 

Force per 14. ia. 
in. lbs In Jtm. 

Side of cube \ was crushed by 1,454, highest result = 98,056 

Ditto I ditto 1,416, lowest ditto - 74.624 

Ditto i ditto 10.661, highest ditto = 168,976 

Ditto | ditto 9,020, lowest ditto m 144,320 

On cubes from horizontal castings, specific gravity 7 '113 

in. lbs. Its. per. sq. in 

Side of cube { was crushed by 10,720, highest result m 171,520 
Ditto I ditto 8,699, Lowest ditto =139,184 

On cubes from vertical castings, specific gravity t 7 -074 

Id. Ite. lbs per, sq, in. 

Side of cube J was crushed by 12,065, highest result = 202,640 
Ditto £ ditto 9,844, lowest ditto = 157,540 

On pieces of different lengths. 

in. Do. Km. per sq tn. 

Area J N | length J was crushed by 1,743 = 111,552 

Ditto I 11 } „ 1 do. 1.439 = 92.09$ 

Ditto { K t „ | do. 9,374 = 149,984 

Ditto i x i „ 1 do. 6,321 = 101,136 

These experiments were on too small a scale to allow of 



* Edin. Encyclo. art. Bridge, p. 541 ; or Nicholson'* Journal, vol. XXXV. p, 4. 1813. 
t It is singular that the specific gravity of the vertical castings should be less than 
tii it of the horizontal ouos. 
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that precision in adjustment which theory shows to be 
essential in such experiments ; therefore there still remains 
much to be done by future experimentalists. It does not 
appear, within the limits of these experiments, that an increase 
of length had any sensible effect, on the result. 

I have selected the highest and lowest results, and such of 
the single trials that were made under the greatest difference 
of length ; in all Mr. Ronnie made thirty-nine trials on the 
resistance of cast iron to compression.* 

EXPERIMENTS ON TOE RESISTANCE TO COMPRESSION OP 
PIECES OF CONSIDERABLE LENGTn. 

83, The only experiments of this kind that I know of 
were made by Mr. Reynolds, and are described as follows in 
Mr. Banks's work on the ' Power of Machines,' p. S9. 

" Experiments on the strength of cast iron, tried at Ketley, 
in March, 1795. The different bars were all cast at one time- 
out of the same air furnace, and the iron was very soft, so as 
to cut or file easily. 

"Exp. 1. Two bars of iron, 1 inch square, and exactly 3 
feet long, were placed upon a horizontal bar, so as to meet 
in a cap at the top, from which was suspended a scale ; these 
bars made each an angle of 45° with the base plate, and of 
consequence formed an angle of 90° at the top : from this cap 
was suspended a weight of 7 tons (15,680 lbs.), which was 
left for sixteen hours, when the bars were a little bent, and 
but very little. 

" Exp. 2. Two more bars of the same length and thickness 
were placed in a similar manner, making an angle of 22^° 
with the base plate ; these bore 4 tons (8960 lbs.) upon the 
scale : a little more broke one of them which was observed 
to lie a little crooked when first put up." 

• Philosophical Transactions for 1813, Part L, or PLilodopLical Magazine, vol. liii. 
pp. 161, 165. 
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84. By the principles of statics,* 

a lb. 46* : Rad. : : 15,680 tea. : 11,087 ttw. 

equal the pressure iu the direction of either bar in the first 
experiment. And, 

2 (dn. 22J* : Rad. : : 896011*. : 11,709 fto. 

the pressure in the direction of either bar in the second 
experiment. 

If we consider the direction of the force to have been 
exactly in the axis in these trials, then, according to the 
equation, art. 288, the greatest strain in the direction of one 
of these bars should not have exceeded 5840 tbs. ; but if the 
direction of the pressure was at the distance of half the 
depth from the axis, which it is very probable it would be, 
greatest strain in actual construction should not have 
exceeded 2720 lbs. See art. 287. 



EXPERIMENTS ON THE RESISTANCE TO TWISTING. 

85. Table of the principal experiments of the strength of 
cast iron to resist a twisting strain. 













SI Jo or 
diameter 

in 

inches. 


Weight fa 

0)8. ttlAt 

broke the 
ptoco. 


Calculated 


Ratio of 


No. 


Description. 


hint 


Length. 


resistance 

without 
destroying 
the elastic 


the ealou- 
latoU ro- 
ftauace tO| 
the breaks 
















fqree. 


\ug weight 




| Barplaced verti- 




ft. 


in. 














cally, fast at one 














1 


i end and twitted 
by * wheel at 
I the other ... j 




1 





not given 


1*1 


631 


160 


1 i 4'2 


a 


( Cylinder filed at ) 
\ one end, twisted ( 
j by a lever at the i 
' other J 


14 


2 


inches. 


i utiica. 

2 


250 


737 


1 : 3 39 


3 


Ditto 


14 


2 


St 




884 


111 


1 : 3 46 


4 


Ditto 


14 


2 


s 


| 


408 


140 


1 : 2-9 


5 


Ditto 


14 


2 


3 




700 


184 


1 :33 


6 


Ditto 


14 


2 


4 


51 


1170 


309 


1 : 378 


7 


Ditto 


14 


2 


5 


sj 


1240 


402 


1 : 3 08 


8 


Ditto 


11 


2 


5 




1662 


481 


1 : 8-45 


9 


Ditto 


14 


2 


5 


4 


1938 


680 


1 : 334 


10 


Ditto 


14 


2 


6 


H 


2158 


713 


1 : 8 02 



* Qregorj'a Mechanics, vol. i. art 43. 
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The experiment No. 1 was made by Mr. Banks * The 
others were made by Mr. Dunlop, of Glasgow. Nos. 4 and 
7 were faulty specimens.f Some experiments on a very 
small scale were made by Mr. George Rennie, but they are 
not inserted here, because they were not sufficiently described 
to admit of comparison. J 

I am indebted to Messrs. Bramah for a description of some 
new and interesting experiments on torsion, which they had 
made in order to ascertain what degree of confidence they 
might place in the theoretical and experimental deductions of 
writers on this subject. They were also desirous of knowing 
the effect of a small portion of copper on the quality of cast 
iron. 

I have given a tabular form to the results of these experi- 
ments, in order that they may be more easily compared ; and 
I have added two columns to the Table, to show how these 
experiments agree with the rules of this work. 

The bars were firmly fixed at one end, in a horizontal 
position, and to the other end the straining force was applied, 
acting with a leverage of 3 feet. To prevent the effect of 
lateral stress, the bar rested loosely upon a support at the 
end to which the straining force was applied. 



• " Power or Machines." 

+ Dr. Thomsons Annuls of Philosophy, to!. liii. p. 200-203. 

* Philosophical Mugizinr, vol. liii. p. 163. 
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Woight 
applied 






Ratio nf the 




Length Of 


8i.lfl of 


Effect of 


Calculated 


force which 


= j Dv»cri|iUnn of iron. 


bur. 


bar. 


ootinjc 
with three 


weight or 
angle of 


angle 

of torsion. 


would not 

produce let 








f«,-t 


torsion. 




to the break- 








leverage. 






ing weight. 


i Square bar of au 


j feet 


iocbea, 


lbs. 


dogreea. 


degrees. 




. 1 alloy of 16 parte 
1 irou to one of 














>A 


166 


Ik 


4 25 




\ copper 


1 « 


•11 r. 


bruku 


... 


1 ;36 


2 ) Square bar of the 
1 aauie kind as No. ] 


1 2 
f 




111 

213 

213 


Oi 
17 
broke 


6-7 
10-0 


1 : 35 


( Square bar a uiix- 












o 1 ture of equal put* 
3 j of Adelpbi, Alfre 
( Udd, and old irou... 


!: 


a 


217 

330 


14 

broke 


5 


1 : 5 -6 


. j Bar eame kind as 




14 


166 


74 


425 




* | No. 3 




310 


broke 




1 : 5-lfl 


. 1 Bar aame kind a* 

s » No. 3 ... 


I s 




164 

213 
280 


12J 

18 
28 

Broke bj' 
slipping 
one of the 
weight*. 


8'4 

10-9 
W3 




- S Square bar of caet 


i 


1 


287 


broke 




1 :4-72 


| iron 












» I Square bar same 
' { kind u No. «... 


2 


1 


218 


broke 




1 : 4 35 



The comparison between our rule (Equation iv. art. 265), 
3 the force that broke these specimens, which is given in 
the last column, is very satisfactory, and very nearly agrees 
with former experiments on this strain as shown in the first 
Table of this article. 

The observed angle of torsion is very irregular, and in all 
these experiments it greatly exceeds the angle calculated by 
Equation xiv. ait. 272. But it will be remarked, that the 
angle was measured after the strain was far beyond that 
degree where it is known that flexure increases more rapidly 
than the load ; and no allowance was lnude for the compres- 
sion at the fixed points. M. Duleau, in his experiments on 
wrought irou, (see Sect. VI. art. 94 of this Essay,) allowed 
for the latter source of error by taking, as the measure of 
torsion, the angle through which the bar returned when the 
weight was taken off;* and the formula applied to his 
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experiment gives an error in excess, — here it is in defect : I 
shall, therefore, not endeavour to make the rules agree with 
either set of experiments, because I know that the flexure will 
be too great in Messrs. Bramah's experiment ; and assuming 
this to be so, the rules will be nearly true ; whereas, if M. 
Dulcau's turn out to be most correct, it will only cause shafts 
to be made a small degree stronger than necessary. 

EXPERIMENTS ON TBM EFFECT OF IMPULSIVE FORCE. 

80. The height from which a weight might fall upon a 
piece of cast iron without destroying its elastic force was 
calculated by Equation v. art. 306, for the specimens of "9 
inch square, used in the preceding experiments (art. 67). 
Repeated trials with that height of fall were made without 
producing a sensible effect. I then let the weight fall from 
double the calculated height, and every repetition of the blow 
added about yinth of an inch to the curvature of the bar. 
I could not measure the effect of each trial very correctly, but 
a few trials rendered the bar so much curved as to be easily 
seen. I hope, at some future time, to be able to resume 
these experiments with an apparatus for measuring correctly 
the degree of permanent set.* See art. 313 — 350, where 
practical rules will be found. 

TO DISTINGUISH TUE PROPERTIES OP CAST IRON BT 
THE FRACTURE. 

87. I shall close this section with a few remarks on the 
aspect of cast iron recently fractured, with a view to distin- 
guish its properties. 

There are two characters by which some judgment may be 
formed ; these are the colour and the lustre of the fractured 
surface. 

* This Lope of tLo Author Lad uot been realised whan Practical Science m 
uufoituuBlely deprived by Li, death, of one of iU must able supporters.— Editor. 
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The colour of cast iron is various shades of gray ; some- 
times approaching to dull white, sometimes dark iron gray 
with specks of black gray. 

The lustre of cast iron differs in kind and in degree. It 
is sometimes metallic, for example, like minute particles of 
fresh cut lead distributed over the fracture \ and its degree, 
in this case, depends on the number and size of the bright 
parts. But in some kinds, the lustre seems to be given 
by facets of crystals disposed in rays. I will call this lustre, 
crystalline. 

In very tough iron the colour of the fracture is uniform 
dark iron gray, the texture fibrous, with an abundance of 
metallic lustre. If the colour be the same, but with less 
lustre, the iron will be soft but more crumbling, and break 
with less force. If the surface be without lustre, and the 
colour dark and mottled, the iron will be found the weakest 
of the soft kinds of iron. 

Again, if the colour be of a lighter gray with abundance 
of metallic lustre, the irou will be hard and tenacious 5 such 
iron is always very stiff. But if there be little metallic lustre 
with a light colour, the irou will be hard and brittle \ it is 
very much so when the fracture is dull white ; but in the 
extreme degrees of hardness, the surface of the fracture is 
grayish white and radiated with a crystalline lustre. 

There may be some exceptions to these maxims, but 1 
hope they will nevertheless be of great use to those engaged 
in a business which is every day becoming more important. 




SECTION VI. 

EXPERIMENTS ON MALLEABLE IRON AND OTHER METALS. 
» 

EXPERIMENTS ON THE RESISTANCE OF MALLEABLE IRON 
TO ELEXURE. 

88. There have been a greater number of experiments 
made on malleable iron than on any other metal ; but those 
on the lateral strength are chiefly by foreign experimentalists. 
From those of Duleau I shall select a few for the purpose of 
comparison ; but in the first place I propose to describe some 
of my own trials. 

The following experiments were made on bars of English 
and of Swedish iron ; the bars were supported at the ends, 
and the weight applied in the middle between the supports ; 
the length of each bar was exactly 6 feet, aiid the distance 
between the supports 66 1 inches. 



Eii'jlM Iron. 



Kinil of har nnd 
dimoailona 


Weight 

of 6 
feet ia 
lcniclb. 


Deflexion with 


Weijrht or 

Diodnliu of elas- 
ticity for a boM 
of 1 «q. Inch. 




U4 n,s. 


ito n.». 


Bar 1 J inch square . . 
Bull * 
Bar 1 

Round bar 1 \ inch <Iiauitr. 
Round bar 1 „ 


M 

33 
25 
20 
24 
17 


Ltjcb. 

•0625 

•125 

15 

'125 

'25 


inch. 

•1 

•25 

•32 

•25 

5 


toetv 
•1875 
375 
5 

375 
■8 


■f, 

27,240,000 
20,830,000 
24,990,000 
23,164,000 
20,600,000 


Moau weight of modulus 24,512,800 R>s. 
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.S'icrt/uA Iron. 



Kind of bar and 
dlmcnslona. 



1-2 inch aquiire 



Weilfbt 
of tl 


Deflorion with 


Weight of 
mortiilwt of elas- 


(cot in 
length. 


tn* 


114 ft.A 


170 Ibi. 


ticity for a base 
of 1 iq. Inch. 


lb*. 

32 
27 
33 


inch. 

-0S25 
•08 
125 


huh. 
126 
161 
•25 


inch 

19 

25 
•375 


fca. 

32,000,000 
31,245,000 
83,328,000 



Mean weight of modulus 32,191,000 R>i. 



The bars of Swedish iron varied in dimensions con- 
siderably; the dimension in the first column was taken at 
the point of greatest strain in each bar. The apparently 
superior stiffness of the Swedish iron is partly to be attributed 
to this cause ; but it is in a greater degree owing to the mode 
of manufacture which gives more density as well as elastic 
force to the iron. If the English iron had been formed 
under the hammer, in the same manner, it woidd have been 
perhaps equally dense and strong, and as fit for the nicer 
purposes of smiths' work as the Swedish. All these 
specimens were tried in the same state as the bars are 9ent 
from the iron works ; the trials were made in July, 1S14. 

89. The objects of my next experiments on malleable iron 
were, to determine the force that would produce permanent 
alteration ; the effect of heating iron so as to give it uniform 
density ; and the effect of temperature on its cohesive power. 
For this purpose, Mr. Barrow, of East Street, selected for me 
a bar of what he esteemed good iron, bearing the mark 
Penydarra. A piece 38 inches long, weighing 1 0*4 lbs., was 
cut off this bar : its section did not sensibly differ from 1 inch 
square. With the supports 3 feet apart, and the weight 
applied in the middle, the following results were obtained. 



Woigbt 


Deflexion in tbe middle with 
the bar ris obtained from the 
iron wotIw. 


Deflexion In the middle after 
llio bar had bean uuifiirmly 
heated aud Rluwly cooled. 


tt* 


inch. 


inch. 


126 


•05 


059 


262 


•10 


'117 


310 


•12 


145 


830 


•13 


164 



rs 
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In both states it bore the weight of 330 ibs. without 
sensible effect, though it was let down upon it, and relieved 
several times ; but iu either state an addition of 20 lbs. ren- 
dered the set perceptible ; in the softened bar it appeared to 
be sensible when only 10 lbs. had been added. 

Hence, by art. 110 we have the force that could be re- 
sisted ; without permanent alteration 17,820 lbs. per square 
inch: by art. 121 the extension in the softened state, is -nrW 
of its length j aud by art. 105 the modulus of elasticity is 
24,920.000 lbs. for a base of an inch square. The modulus 
before being softened is 29,500,000 lbs. 

90. To try the effect of heat in decreasing the cohesion of 
malleable iron, I heated it to 212° of Fahrenheit, having 
previously got the machine ready, so that a weight of 300 lbs. 
could be instantly let down upon the bar as soon as it was 
put in, and the index adjusted to one of the divisions of the 
scale. These operations having been effected iu a close and 
warm room, with as little loss of heat as possible, the window 
was thrown open, and the effect of cooling observed. The 
deflexion decreased as the bar cooled, but it was allowed to 
remain nearly two hours, in order to be pevfectly cooled down 
to the temperature of the room, or 00°. Each division on the 
scale of the index is -rorth of an inch, and as nearly as I could 
determine, with the assistance of a magnifier, the deflexion 
had decreased three-fourths of one of the divisions ; and it 
returned through fourteen divisions when the load was 
removed ; therefore we may conclude, that by an elevation of 
temperature equal to 212 — 60 = 152 degrees, iron loses 
about a 20th part of its cohesive force, or a 3040th part for 
each degree. 

M. DtJLEAu's EXPERIMENTS. 

91. The most part of the experiments of M. Dulcau were 

• Taken from liifl Ees&i Thdm-ique fct Experimental surl.t Rcsiatmce du Fer Forgd. 
ito. Paris, 1820. 
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made with malleable iron of Perigord ; some of the specimens 
were hammered to make them regular, others were put in 
trial in the state they are sent from the iron works ; the 
former are distinguished from the latter by an h added to the 
•number of the experiment ; and these numbers are the same 
as in M. Duleau's work. The experiments are divided into 
two classes : in the first the elasticity was observed to be im- 
paired by the action of the load ; in the second it was not. 
The specimens were supported at the ends, and the load 
suspended from the middle of the length. The dimensions 
of the pieces are in the original measures, as well as the 
weights : but the deductions are in our own measures and 
weights. All the experiments I have selected are on Perigord 
iron. 



Komb»r 

of experiment* 


DiltODOO 

between the 

supiorta. 


BMHdtll. 


Depth. 


Deprcwinn 
In the 

middle. 


Weight 
producing it. 


Extension 
lu parts of 
length , 


m | ft 


MillJm 
2000- 
2000- 
3000- 


Millttn. 
45" 
40- 
60 


Milllm. 

Or 
• 11-5 
20- 


MllUm. 

w 

62 6 
83 


Kllogrnnim. 

46 
25 
50 


■000972 
000906 
000441 




2000- 

sooo- 

3000- 


]V5 

77- 

IB- 


40- 
14- 

26- 


1 5 03 
72' 

70' 


90 
50 
50 


•000902 
•000072 
001167 



The last column shows the extension of an unit of length 
by the strain as calculated by M. Duleau ; my formula, art. 
121, gives the same results. The extension that malleable 
iron will bear without permanent alteration is t?W= '000714, 
according to my experiment j but in M. Duleau's experiment, 
No. 36\ the extension of 000441 produced a permanent set, 
while in No. 29* the extension was "001 1G7 without pro- 
ducing .a set: this is a considerable irregularity, but such as 
may be expected in experiments on such long heavy 
specimens of small depth. In all such experiments, the 
effect of the weight of the piece should be observed. It is 
also essential that the points of support should be perfectly 
solid and firm, or that the flexure should be measured from a 
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point, of which the position is invariable in respect to the 
points of support. 

The mean weight of the modulus of elasticity, as de- 
termined by the above experiments, is, 28,000,000 lbs. for a 
base of 1 inch square. Experiment No. 22 gives the highest,' 
being 31,804,000 lbs. ; and No. 17 the lowest, being 
22,974,000 lbs. ; therefore it appears that the elastic force of 
Perigord iron is not greatly different from English iron. 

M. Duleau concludes that a bar of malleable iron may be 
safely strained till the extension at the point of greatest strain 
is equal to -rrrx of its original length without losing its 
elasticity ; and that the load upon a square inch which pro- 
duces this extension is 8540 lbs. In many of his own 
experiments the extension was three times this without 
permanent loss of elasticity. 

It has been my object to fix the limit which will produce 
permanent alteration of elasticity in a good material ; to say, 
that beyond this strain you must not go, but approach it as 
nearly as your own judgment shall direct, when you are 
certain that you have assigned the greatest possible load it 
will be exposed to. Where a great strain is to be sustained, 
a good material is most suitable and most economical ; to a 
defective material no rules whatever will apply ; for who can 
measure the effect of a flaw in malleable iron, an air bubble 
in cast iron, a vent in a stone, or of knots and rottenness in 
timber ? But the presence of most of these defects can be 
ascertained by inspection of the material itself ; and since the 
greatest strain is at the surface of a beam or bar, the defects 
which impair the strength in the greatest degree are always 
most apparent. 

Experiments on the flexure of malleable iron have also 
been made by Rondelet,* Aubry, and Navier.f which 
accord with the theoretical principles developed in this Essay. 

• Traill do 1'Art ilo BAtir, tnmo iv. p. 509 and 514. 4to. 1814, 
t Gauthey'a Codstmction dts Ponln, tome ii. p. 161. 4to. 1813. 
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EXPERIMENTS ON THE RESISTANCE TO TENSION. 

92. The experiments on the absolute resistance of mal- 
leable iron to tension are very numerous : in many experiments 
it has been found above 80,0001ns., per square inch, and in 
very few under 50,0001bs., indeed in none where the iron was 
not defective. About GO.OOOtbs. seems to be the average 
force of good iron : and according to this estimate, the force 
that would produce permanent alteration is to that which 
would pull a bar asunder as 17,800 : 60,000, or nearly as 
1 : 3" 37. Hence we see, that on whatever principle it was 
that Emerson* concluded a material should not be put 
to bear more than a third or a fourth of the weight that 
would break it, the maxim is agreeable with the laws of 
resistance. 

Experiments on the absolute strength of malleable iron 
have been made by Muschenbroek.f Buffon,}: Emerson, $ 
PerronetJ Soufflot,f Sickingen,** Rondelet,ft Telford, J J 
Brown, and Rennie.||| Those by Messrs. Telford and 
Brown were made on the largest scale ; and are minutely de- 
scribed in Professor Barlow's Essay, to which I must refer 
the reader. 

EXPERIMENTS ON THE RESISTANCE TO COMPRESSION. 

93. Very few experiments have been made on this species 
of resistance, and from some circumstances in such 
experiments requiring attention which the authors of them 
do not appear to have been aware of, we can make no use of 

• Mechanics, 4to edit. p. 113. 1758. 
t Introd. ad Phil. Nat. i. p. 426. 4to. 1762. 
£ Gauthey'a Construction dea Fonts, iL pp. 153, 154. 
§ Mechanics, p. 1 ! 6. 4 to edit. 1758. 
|| Gauthsj's Construction des Ponts, ii. pp. 153, 154. 
H Rondelet's L'Art de BAtir, iv. pp. 4S9, 500. 4to. 1814. 
** A cm ales de Chimie, nr. p. 9. 

tt Rondelets L'Art de BAtir, iv. pp. 499, 500. 4to. 1814. 
tt Barlows Easily on Strength of Timber, ftc. g§ Ibid. 

HI! Philosophical Magazine, liiL p. 167. 1819. 
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them in illustrating our theoretical principles, unless it be to 
show that when we consider the direction of the force to 
nearly coincide with one of the surfaces of the bar, we shall 
always be calculating on safe data ; and from the nature of 
practical cases in general, we can scarcely think of employing 
a less excess of force than is given by this rule. 

On pieces of considerable length experiments have been 
made by Navier, Rondelet, and Dulcau ; and the force 
necessary to crush short specimens has also been ascertained 
by Rondelet. 

Rondelet employed cubical specimens, the sides of the cubes 
varying from 6 to 10| and 12 lines ■ and cylinders of 6, 8, 
aud 12 lines in diameter, the height being the same as the 
diameter in each cylinder. The mean resistance of the cubes 
was equivalent to 512 livres on a square line; the mean 
resistance of the cyUnders 515 livres per square line: 512 
livres on a square line is 70,000fts. on a square inch in our 
weights and measures. The force necessary to crush the 
specimens was in proportion to the area ; when the area was 
increased four times, this ratio did not differ from the result 
of the experiment so much as a fiftieth part.* 

He observed in experiments on bars of different lengths, 
that when the height exceeded three times the diameter, the 
iron yielded by bending in the manner of a long column. 
Rondelet's experiments on longer specimens are not suffi- 
ciently detailed. + 

Navicr's experiments were made on long bars, and show the 
force that broke them ; whether the flexure was sudden or 
gradual is not stated.}: 

• There does not appear to be an abrupt change tu the crushing of wrought iron to 
enable an experimenter to draw any very definite conclusions of this kind. According 
to my observations, wrought iron becomes slight I; Battened or shortened with from 
9 to 10 tons per square inch ; with double that weight it ia permanently reduced in 
length about and with three limes that weight about ^th of its length. (Philo- 
sophical Transactions., Part II., 1810, p. <22.)^Editor. 

t Trains do l'Art de BAtir, it. pp. 621, G22. 

: Qauthey'a Construction dts Ponte, iL p. 152. 
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A bar of any material, in which the stress is very ac- 
curately adjusted in the direction of the axis, will bear a 
nsiderable load without apparent flexure, but the load is in 
unstable equilibrium, so much so indeed, that in a bar where 
the least dimension of the section is small in respect to the 
length, the slightest lateral force would cause the bar to bend 
ddenly and break under the load. In such a case it is not 
much owing to the magnitude of the force that fracture is 
produced, as the momentum it acquires before the bar attains 
that degree of flexure which is necessary to oppose it. The 
reader will find this view of the subject to be agreeable to 
erience, particularly in flexible materials j in fact, I do not 
think any one can be aware of the danger of over-loading a 
column who has never observed an experiment of this kind. 

M. Duleau found that a bar of malleable iron 11 '8 feet 
long, and 121 inches square (31 millimetres), doubled under 
a load of 4400 lbs. (2000 kilogrammes). Another specimen 
about 118 feet long, the breadth 2*38 inches, and the depth 
8 inch, doubled under a load of 2G40 lbs. : this piece did 
ot become sensibly bent before it doubled.* In the 
t experiment, our rule (Equa. xv. art. 288,) gives 876 lbs. 
as the greatest load the bar ought to sustain in practice ; 
which is about one-third of the weight that doubled the 
iecej a similar result obtains in other cases. 
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EXPERIMENTS ON THE RESISTANCE TO TORSION. 

94. Mr. Rennie made some experiments on the resistance 
of malleable iron to torsion. The weight acted with a lever 
of 2 feet, and the specimens were £th of an inch square j the 
train was applied close to the fixed end : — 



Engl.sh iron, wrought, was wrenched asunder by 
Swodwh iron, wrought, . . . . . 



OS. 

1J 2 
9 8 t 



* Essai Thoori.jue et Experimental our la Rdtjiet&nce du Fer Forg£, p. 26-37. 
t Philosophical Magaziue, vol. liii. p. ]C8, 

a % 
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If we could suppose the pieces so fitted that the distance 
between the centres of action, of the force and the fixing 
apparatus, was equal to the diameter of the specimen ; then 
our formula gives 13 15 lbs. as the force that such a bar 
would resist without permanent change : this is only about 
-|ih of the force that produced fracture. A like irregularity 
occurs in his experiments on the torsion of cast iron, which 
may very likely be in consequence of the strain not being 
applied exactly as I have supposed it to be. 

The experiments on the resistance of malleable iron to 
torsion made by M. Duleau were all directed to determining 
its stiffness. The bars were fixed at one end in a horizontal 
position, and the force was applied to a wheel or large pulley 
fixed on the other end. In order to prevent lateral strain, 
the end to which the wheel was fixed reposed freely upon a 
support. It was found that the bars yielded a little at the 
fixed points ; the permanent alteration produced by this 
yielding was allowed for by deducting the angle of set from 
the angle observed.* 



Nature of Lho specimens. 


Length nr 
ttie part 
twisUd. 


Sid of diameter. 


Anirlfl of torsion 
with a *L of 

1« itili-tfTummo* 

C'2-j Big.) with 
levormre Of 320 
nnllimfetres 

feet). . 


A Dfrlfl r>f 
timioa as 
calculated 


Round iron, English, . 
iuatWI Dowlaib, ru f 
from the iron works ; f 
hot short. ; 


Millimetres. 
2400 

(7-9 ft) 


Millimetres 

19-83 
(-78 in.) 


degrees. 
4 


degrees. 
104 


Round iron, Perigord.M ) 
from the iron works, i 


2890 
(9- 5 ft.) 


2S-03 
(-91 in.) 


8 


T 


Square iron, English / 
marked C 2, hot short j 


4120 
(13 5 ft.) 


20x20 
(7» in.) 


6* 


10 


Square iron, PerigorJ, j 
as from the iron works. j 


2520 

(81 ft.) 


20 35x2035 
(•8 in.) 


308 


5-8 


Flat iron, English. 


2fll0 
(9 « ft.) 


34 x 8 56 
U-32x-337 in.) 


114 


189 



* Eesai aur la Rdiistanco <lu Fcr Forg<<. p. 50-63. 
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The last column shows the angle calculated by the formula 
(Equa. xiii. and xiv. art. 272). There is a considerable error 
in excess according to these experiments j see art. 85. 

EXPERIMENTS ON VARIOUS METALS. 
EXPERIMENTS ON STEEL. 

95. The modulus of elasticity of steel was first determined 
by Dr. Young from the vibration of a tuning-fork ; the 
height of the modulus found by this method was 8,530,000 
feet ; * hence the weight of the modulus for a base of an inch 
square will be 29,000,000 lbs. 

M. Duleau 1ms made some experiments on the flexure of 
steel bars when loaded in the middle and supported at the 
ends; in all he has described twelve experiments ; f from 
these I will take four at random. 



Description at rpeolmcna. 


DUtanco 

between 

tha 
sup porta 


Braid Ih. 


Depth. 


Di-proasion 
with 30 kilo- 


Weight of mo- 
dulua of elasticity 
ia lbs. for a base 

au Inch iq tiara. 


English Cut steel,") 
marked HirjrrsMAJf, 1 
perfectly regular, ua- f 
tempered, but brictle.J 


Mllliin. 
930 


Mil Urn. 
133 


ktLUim. 
6-9 


MUllm. 
32 05 


!-;..- 1 . • ( . lbs. 

84,000,000 


German steel (of ce-'i 
ineutatiouh marked 
Foktsx an, and 8 deer - 
Leads, mod for razors, 1 
dimensions irregular. J 


6S0 


H-6 


7-8 


8 


20,263,000 


Same kind of steel. 


1815 


28 '5 


21-9 


2-fl 


29,000,000 


Ditto. 


13iQ 


62 


23-6 


05 


17,880,000 


Mean for German steel 22,38 1.U0U It*. 



EXPERIMENTS ON OUN-METAL. 

90. A cast bar of the alloy of copper and tin, commonly 
called gun-metal, of the specific gravity 8 152, was filed true 
and regular ; its depth was 0'5 inch, and its breadth 7 



• Lectures on Natural Philosophy, toI. ii. p. 8fl, 
+ Ees*i but la RdaLstunee du Fer Forge, p. 38. 
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inch ; it was supported at the ends, the distance between the 
supports being 1 2 inches ; and the scale was suspended from 
the middle. 

0-01 inch. 
002 „ 
03 „ 
004 „ 

O'OS I Wa * r *' ,M< ^ ^ r0ln t ' le ' 5ar BeTerB ' times, but 

J " i permanent act was not sensible. 
0. O I Evtry time the bar was relieved of thin loa<2, a set of 

" I about 005 was observed. 
0-17 „ 
0-34 „ 

( •lipped through tul ween the supports, bent nearly 
I 3 inches, but cot broken. 

We may therefore consider 100 lbs. as the utmost that the 
bar would support without permanent alteration, which is 
equivalent to a strain of 10,285 lbs. upon a square inch ; and 
an extension of y-eoth part of its length (see art. 110 and 
121). Absolute cohesion greater than 34,000 lbs. for a 
square inch. 

Calculating from this experiment, we find the weight of 
the modulus of elasticity for a base 1 inch square, 9,873,000 
lbs. ■ and the specific gravity of gun-metai is 8152 ; there- 
fore the height of the modulus in feet is 2,790,000 feet. 

The deflexion increases much more rapidly than in pro- 
portion to the weight, as soon as the strain exceeds the elastic 
force ; a weight of 200 lbs. more than trebled the deflexion 
produced by 100, instead of only doubling it. 

EXPERIMENTS ON BRASS. 

97. Dr. Young made some experiments on brass, from 
which he calculated the height of the modulus of elasticity of 
brass plate to be 4,9-10,000 feet, or 18,000,000 lbs. for its 
weight to a base of 1 square inch. I'or wire of inferior 
brass he found the height to be 4,700,000 feet* 

As cast brass had not been submitted to experiment, 1 



IV lbs. iieut the 1 



5<3 
78 



100 

120 

£00 

i30 

320 



* Natural Philosophy, vol. LL p. 86. 
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procured a cast bar of good brass, and made the following 
experiment t 

The bar was filed true and regular ; its depth was 4 5 
inch, and breadth 7 inch. The distance between the 
supports 12 inches, and the scale suspended from the middle. 

12 fta. bent the bar 01 tack. 
2a . 0.02 „ 

38 03 „ j The bar wag relieved several tunee, but it took 110 

52 . 04 „ ( peroeptiblo sat. 

«* . 040 „ relieved, the set was -01. 

110 . . . 0-18 „ 

j slipped between the supports, bent more than 2 
j inohea, but not broken. 

Hence 52 lbs. seems to be about the limit which could 
not be much exceeded without permanent change of struc- 
ture. It is equivalent to a strain of G700 lbs. upon a square 
inch, and the corresponding extension is fg^<| of its length, 
(see art. 110 and 121). Absolute cohesion greater than 
21,000 lbs. per square inch. The modulus of elasticity 
according to this experiment is 8,030,000 lbs. for a base of 
an inch square. The specific gravity of the brass is 8 37, 
whence wc have 2,400,000 feet for the height of the modulus. 
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OF THE STRENGTH AND DEFLEXION OF CAST IRON WHEN IT 
RESISTS PRESSURE OR WEIGHT. 

• 

98. The doctrine of the Strength of Materials, as given in 
this Work, rests upon three first principles, and these are 
abundantly proved by experience. 

The First is, that the strength of a bar or rod to resist a 
given strain, when drawn in the direction of its length, 
is directly proportional to the area of its cross section ; 
while its elastic power remains perfect, and the 
direction of the force coincides with the axis. 

99. The Second is, that the extension of a bnr or rod by a 
force acting in the direction of its length, is directly 
proportional to the straining force, when the area of the 
section is the same ; while the strain docs not exceed 
the elastic power.* 

100. The Third is, that while the force is within the elastic 
power of the material, bodies resist extension and 
compression with equal forces. 

101. It is further supposed that every part of the same 
piece of the material is of the same quality, and that there are 
no defects in it. If there be any material delect in a piece of 

• Thi» limit »hould b« carefully attended to, for aa soon as the strain exceed* the 
elastic power, the ductility of tlie material becomes sensible. The degrees of ductility 
are extremely variable in different bodice, aud even in different states of the same 
body. A fluid posaetses this property in the greatest degree, for every change in the 
relative position of it, ports U i>erimuieut. 



■BIT. VII.] 



RESISTANCE TO PRESSURE. 



8» 



cast iron, it may often be discovered, either by inspection, or 
by the sound the piece omits when struck ; except it be air 
bubbles, which cannot be known by these means. 

The manner of examining the quality of a piece of cast iron 
has been given in the Introduction, p. 5 ; and such a3 will 
bear the test of hammering with the same apparent degree of 
malleability, will be found sufficiently near of the same strength 
and extensibility for any practical deductions to be correct. 

The truth of these premises being admitted, every rule that 
is herein grounded upon them may be considered as firmly 
established as the properties of geometrical figures. 

102. A free weight or mass of matter is always to be 
considered to act in the direction of a vertical line passing 
through its centre of gravity ; and its whole effect as if 
collected at the point where this vertical line intersects the 
beam or the pillar, which is to support it. But if the weight 
or mass of matter be partially sustained, independently of the 
beam or pillar, in any manner, then the direction and intensity 
of the force must be found that would sustain the mass in 
equilibrium,* and this will be the direction and intensity of 
the pressure on the beam or pillar. 

103. Let /denote the weight in pounds which would be 
borne by a rod of iron, or other matter, of an inch square, 
when the strain is as great as it will bear without destroying 
a part of its elastic force. f Also, let W be any other weight 
to be supported, and b — the breadth and / = the thickness 
of the piece to support it, in inches. Then, by our first 
principles, art. 98, we have 



w 

or, — 
/ 



till 
hi 



* The method of finding this force and its direction is explained in my Klenientnry 
Principles of Carpentry, nrfc. 2-4-29. 

t " A permanent alteration of form," Dr. Young has remarked. " limits the strength 
of mate rial* with regard to practical purpose*, almost as inuuh as fracture, aiuee in 
general the force which is capable of producing this efl" ct is Bufljci- ut, with n small 
addition, to increase it till fracture takes place." Natural Philosophy, vol. i. «>. 111. 
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That is, the area should be directly as weight to be sup- 
ported, and inversely as the force which would impair the 
elastic power of the material. 

104. If e be the quantity a bar of iron, or other matter, 
an inch square and a foot in length, would be extended by 
the force f ; and / be any other length in feet ; then 

!:'::«: A, or / f = A = 

the extension in the length /. (ii.) 

For, when the force is the same, the extension is obviously 
proportional to the length. 

And, since by our principle, art. 99, the extension is as 
the force ; we have / '■ W : : e : extension produced by the 

weight W = ~p and we obtain from Equation ii. —jr 

= a. (iii.) 

In which a is the extension that would be produced in 
the length /, by the weight W. 

105. Where a comparison of elastic forces is to be made, 
it is sometimes convenient to have a single measure which is 
called the modulus of elasticity.* It is found by this ana- 
logy : as the length of a substance is to the diminution of 
its length, so is the modulus of elasticity to the force pro- 
ducing that diminution. Or, denoting the weight of the 
modulus in lbs. for a base of an inch square by n, 

tr/Vt 1 :•»=/-. <iT.) 

And if p be the weight of a bar of the substance 1 foot 
in length, and 1 inch square ; then if M be the height of the 
modulus of elasticity in feet.f 



' The term was Srat used by Dr. Young. Lecturea on Nat. Phil. vol. ii. art 81». 
t By thU and the preceding equation, were calculated tho height and weight of tho 
modulus of elasticity of the different bodies in the Alphabetical Table. 
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100- Let the rectangular beam A A', fig. 14, be supported 
upon a fulcrum D, in equilibrio, find for the present consi- 
dering the beam to be acted upon by no other forces than 
the weights W W ; which arc supposed to have produced 
their full effect in deflecting the beam, and the vertical 
section at B D to be divided into equal, and very thin fila- 
ments, as shown in fig. 15. 

Consider B, fig. 14, to be the situation of one of the small 
filaments in the upper part of the beam, and a a a tangent 
to the curvature of the filament B, at the point B. Now, it 
is clearly a necessary consequence of equilibrium that the 
forces tending to separate the filament at B should be equal, 
and in the direction of the tangent a a \ and the strain is 
obviously a tensile one. 

But since F A is the direction of the weight, we have, by 
the principles of statics, 

B a : A a : : S ( = the resistance of the filament B) : A ^ q 8 
= its effect in sustaining the weight W. 

These forces, we know both from reasoning and experi- 
ence, will compress the lower part of the beam ; and let D 
be a compressed filament, of the same area as the filament B, 
and in the same position, and at the same distance from the 
under surface as the filament B is in respect to the upper 
surface. Also, let e e be a tangent to the filament at D, and 
parallel to a a ; and representing one of the equal and oppo- 
site strains on the filament D by e D j we have, e D : e A : : S' 

(the resistance to compression of D) : = ^ e e ^ ect °^ 
the filament D in sustaining the weight W. 

The effect of both the filaments, B D, hi supporting the 
reight will therefore be, 

An,8 e A .9 
ba + eD ' 



or since B a — e D, and as portions of the same matter of 
equal area resist extension or compression with equal forces 
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(art. 100) S = S' ; therefore, ^ x (A a + e A) = the effect 
of the filaments D nnd B.* But 

Ait + < A = B D. 



the vertical distance between the fi laments. f Consequently 
ti9 ~ this effect in supporting the weight W. (vi.) 

107. As one side of the beam suffers extension, and the 
other side compression, there will be a filament at some point 
of the depth, which will neither be extended nor compressed ; 
the situation of this filament may be called the neutral axis, 
or axis of motion. 

The extension or compression of a filameut will obviously 
be as its distance from the neutral axis • and when the 
neutral axis divides the section into two equal and similar 
parts, its place will be at the middle of the depth. 

And since the effect of two equal filaments is as the dis- 
tance between them, the effect of either will be as its distance 
from the neutral axis ; for the filaments being equal, and 
the strain on them equal, the axis will be at the middle of 
the distance between them j and the effect of both being 
measured by the whole depth, that of one of them will be 

• But when tlie strain exceed* tlie elastic force of a body, the resistance to com- 
pression exceeds tlio rebalance- to tension ; consequently, tbe effect of the filaments 
must be 

A a . 8 + e A S' 
iia 

Now tbo difference between S and S' will be constantly increasing till fracture Ukea 
place, the area of the compressed part being constantly increasing, and that of the 
extended part diminishing. The variation will depend on the ductility of the ma- 
terial, but it cannot be ascertained, unless some very careful experiments were made 
for tbo purpose ; and fortunately it is an inquiry uot required in the practical appli- 
cation of theory. 

t When Um flexure becomes considerable, the curve is flattened in consequence 
of the forces compressing the beam, and A •' - ■■ A will exceed the vertical distance 
between tlie h'liuneuts ; and the point of (.'rentent strain "ill lie found to change to 
tin? place where the line A B iut«in*ct* the filament This change of the point of 
greatest strain i* very apparent in experiment. 
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P3 



measured by half the depth, 
ment is 

3.BD 

108. 

BKMkt.lV f 



Therefore the effect of a fila- 



S. Brf 



2(B n) Bn 



108. When a beam is sustained in any position,* not 
greatly differing from a horizontal one, by a fulcrum, as in 
fig. 14, the power of a fibre or filament to support a weight 
at A or A' is directly as its force, its area, and the square of 
its distance from the neutral axis ; and inversely as its dis- 
tance, F B, of the straining force from the point of support. 

For the strain being as the extension, and the extension 
of any filament being directly as the distance of that filament 
from the axis of motion, therefore, the force of a filament is 
as its distance from the axis of motion. But it has been 
shown (art. 103,) that the force is also as the area ; and the 
power in sustaining a weight has been shown (art. 107,) to 
be directly as the vertical distance from the neutral axis, and 

inversely as the length B a, that is, as ^ j and, since the 

triangles F B a, BD/, are similar, 



5i = L* therefore 

Bo FB 



(/ d y 3 x the force of filament x by its we* 
FB 



the weight it will sustain. 



109. Let d be the depth, divided into filaments, each equal 

to * the ;«th part of ~ ; also put F B = /, the breadth of the 

beam = 6, and / the weight that a fibre of a given magni- 
tude would bear when drawn in the direction of its length, 
without destroying its elastic force. 

Now, if we calculate the mean strain upon each filament 



• It doe* not - i. -il.l v differ from the correct law of reeistanca till the beam be 
go much inclined as to *lide on its support ; but the general investigation will be 
found in art. 2Vfl. 
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by Equatiou viii. art. 108, we obtain the following progres- 
sion, and its sum is the weight the beam will support.* 



id 



x (1 + 2 1 + 3 3 



111). If the beam be rectangular, the value of 



_ fb <p 



Therefore the lateral strength of a rectangular beam is 
directly as its breadth, and the square of its depth, and in- 
versely as its length. 

And when the beam is square, its lateral strength is as the 
cube of its side. 

111. If a plate be fixed along one of its sides A B, and 
the load be applied at the angle C j 
then if the distance A B be greater 
than B C, the plate will break in the 
direction of some line EB. To find 
b this line, put FC=/, the leverage, and 
E B = b, the breadth ; also t — the 
tangent of the angle E B C. Then, by 
similar triangles, 

BCx! 




and 



therefore 



V 1 + P : : B C : I = 
V 1 + ? : : B C : b = B C * v"TT7; 



6 t 



But this equation is a minimum when t— 1 ; that is, when 
the angle E B C is 45 degrees ; consequently 

* The first term of the progression in equivalent to the quantity railed a fluxion, 
4 / ft j? x 

and is usually written Uiu«, ^ The same remark applies to the other 

proRrcs.ioai. 



■ 
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W. 



96 

<xl) 



112. If the beam be rectangular, and the strain be in a 
perpendicular direction to one of its diagonals A C, making 
that diagonal = b, and the deptli E F = a, the progression 
becomes (because the breadth is successively 




4 \££ x 1 «,(!+» + ??) — 2*<1 + 2» + ... — >. I 

I a I 2 2 ) 



op, W = 



24 t 



(xii.) 



If the beam be square, the direction of the straining force 
coincides with the vertical diagonal, and in that case 



= W. 



But the diagonal of a square beam is equal to its side multi- 
plied by 2 ; hence, if d be the side, we have 



= w. 

| V 2 / 



(xir.) 



Consequently the strength of a square beam, when the force 
is parallel to its side, is to the strength of the same beam 
when the force is in the direction of its diagonal as 



or as 10 is to 7 nearly. 
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113. If the beam be a cylinder, and r the radius, then It is 
successively 



And 



rl 



2 V ? - «^ 2 v ^ - (2 &c, 



•7854 /r 8 

or, W a. — ,— 



If d be the diameter, then 



vv = 7854 

51 



(xv,> 



(nil 



The lateral strength of a cylinder is directly as the cube of 
its diameter, and inversely as the length. 

The strength of a square beam is to that of an inscribed 
cylinder as 

8 : 6 x -7854, that is, as 1 : '589, or as 17 : 1. 

114. If the section of the beam be an ellipse, when the 
strain is in the direction of the conjugate axis, we have by 
the same process 



w = 



•7851 ft* 
i ' 



(xviL) 



where t is the semi-transverse, and c the semi-conjugate 
axis. 

115. If the beam be a hollow cylinder or tube, and r be 
the exterior radius, n r being that of the hollow part, then by 
the same process * we find 

•7854 /r» (1 - »*) 



W = 



(xviii.) 



The radius of a solid cylinder that will contain the same 
quantity of matter as the tube, is easily found by geometrical 
construction in this manner : make B D perpendicular to 
B C ; then C D being the radius of the tube, and B C that of 

• Dr. Young gives a rule which is essentially the some, of which I was not aware 
when my " Principles of Carpentry " was written. See Natural Philosophy, vol. ii. 
art, 339, B. scholium. Ia a recent work on the Elements of Natural Puilo»ophy, Wy 
Professor Leslie, vol. i. p. 242, the learned author has neglected to consider the effect 
of extension in his investigation of thin equation. 
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the hollow part, B D will be the radius of a solid cylinder 
which will contain the same quantity of matter as the tube. 
Because 

BD==CD S - BC. 




By comparing Equation xv. and xviii. we find that when a 
solid cylinder is expanded into a tube, retaining the same 
quantity of matter, the strength of the solid cylinder being 1, 

that of the tube will be ,|^£v When the thickness P E 

is |th of the diameter A E, the strength will be increased in 
the proportion of 17 to 1. And when F B is a ^ths of the 
diameter, the strength will be doubled by expanding the 
matter into a tube. But a greater excess of strength cannot 
be safely obtained than the latter, because the tube would 
not be capable of retaining its circular form with a less 
thickness of matter. From, ^th to ^th seems to be the 
most common ratio in natural bodies, such as the stems of 
plants, &c. 

116. If a beam be of the form shown in Plate I., fig. 1) 
(see art. 38, 39, and 40), and d be the extreme depth, and b 
the extreme breadth ; q b — the difference between the breadth 
in the middle and the extreme breadth, and p d the depth of 
the narrow part in the middle ; then by the process employed 
by calculating Equation x. we find 



117. If the middle part of the beam be entirely left out, 
with the exception of cross parts to prevent the upper and 
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lower sides coming together, as in figs. 11 and 12, Plate IT. 
(see art. 41), and d be the whole depth, p d the depth of the 
part left out in the middle, and b the breadth, then 

118. Hitherto we have only considered those forms where 
the neutral axis divides the section into identical figures ; but 
there are some interesting cases* where this does not 
happen, such, for example, as the triangular section. 

Taking the case of a triangular section with a part removed 
at the vertex, we shall have a general case which will include 
that of the entire triangle. Let d be the depth of the com- 
plete triangle, and m d the depth of the part cut off at the 
vertex ; and u d the depth of the neutral axis, M N, from the 
upper side a b of the beam ; then the distance of the neutral 
axis from the base will be (1 — u — m) d. If both sides of 
the neutral axis were the same as the upper one, the strength 




would be equal to that of a parallelogram a bp q, added to a 
triangle a op; hence from Equation x. and xii. we have 

But to find the place of the neutral axis, we must compare 
the strength of the lower side with the upper one g and the 

• They are iaUrcstiiifj, bMMM the enrly theorists full iuto roiho acriuiu errors 
respecting iheia, and OOOaequtUty ua,v« led practical origins, ra into tfrroueoua 
opinions. 
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strength of the lower side is equal to that of a rectangle 
M N B C minus a triangle q r C, or 

And consequently, 

rf(4» + ») = 4(l-m - »»)= - (1 - m — »>». 

Whence, 

"** 2 (1 - m) ^\ "2 (1 - m) / ~ 

1 



8 - 5 to + m* + m» 
1 — m 



When m=0-1, then »= 592, and 

348/frJ 
6 I 



(Mi.) 



But if »i = o > or the triangle ABC be entire, then *rs$97 
nearly,* And • , 

Jtao //, -nuts / a jj 

(fflrjL) 



6 I I 



If n = ^ we have « = *58166, and 



= w. 



MB-) 



Where ?« = 01, the strength is about the greatest possible, 
a triangular prism being about g^th part stronger when the 
angle is taken off to x — th of its depth, as shown by the 
shaded part of the figure. Emerson first announced this 
seeming paradox,} but it is easily shown that his solution 
only applies to the imaginary case where the neutral axis is 
an incompressible arris, at the base of the section. 

A triangular prism is equally strong, whether the base or 
the vertex of the section be compressed s § and by comparing 

* Duleau obtains a result equivalent to n = 57 iu this cue, but the result only is 
given. Essai Thdorique, Jcc, p. 77. 

t This rule was first published in the Philosophical Magazine, vol. xlvii. p. 22. 

me. 

J Mechanic*, Sect. VIII., p. 114. 5th edit. 1800. 

{ Duleau has proved the truth of this by hi* experiments on the flexure of trian- 
gular bar*. Essai s»r la Resistance, kc, p 26. 
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Equations x. and xxii. it appears that its strength is to that 
of a circumscribed rectangular prism as 330 : 1000, or nearly 
as 1:3. But let it be remembered that this ratio only 
applies to strains which do not produce permanent alteration 
in the materials, and where the arris is not injured by the 
action of the straining force : if the strain be increased so as 
to produce fracture, the triangle will be found still weaker 
than in this proportion, when the arris is extended, and 
somewhat stronger when the arris is compressed ; in the 
former case, from the imperfection of castings, where there is 
much surface in proportion to the quantity of matter, as in 
all acute arrises ; in the latter case, from the saddle or other 
thing used to support the weight reducing the quantity of 
actual leverage. 

It may be useful to remark, that a triangle contains half 
the quantity of matter that there is in the circumscribing 
rectangle, but its strength is only one-third ; hence it is not 
economical to adopt triangular sections, and a like remark 
applies to the T formed sections so commonly used. 

119. If the whole depth of a T formed section be d, its 
greatest breadth b s and its least breadth (1 — q) b. Then, 
supposing the depth of the neutral axis M N from the narrow 

edge A E to be - d, the strength of the bar will be 



4fb<P{l-q) 

For -y would be the square of the whole depth were both 
sides of the neutral axis the same ; aud the strength would 
be equal to a rectangle of that depth with the breadth 
(1— q) b 

But the strength of the other side of the axis by Equa- 
tion xix. is 

4JbJ>(l - ir*Hn -1? 

6 i «» J 
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hence we have the equation (« — l) a (1 — q = \ — q to 
determine the place of the neutral axis j or 



consequently, 



4/6J (l-q) m w 



This formula is complicated, but it affords some curious 
results. If we make p = o, we have the strength of a bar 
with its neutral axis at C, and the depth A C is 



d (i + vi-?) f 



where d is the whole depth. 

And if A E = \ D B, then A C = \ d, when 
the neutral axis is at C. 

The neutral axis may be at any point that 
may be chosen between the point C and half 
the depth, by varying the values of q or p for 
that purpose. 
If we make 

q = 75, and y = 5, then A M = and D P = C M ; 









— "7" 

' 1 : 


j M 








1 r 









also 

The strength is 



A E = \ D B. 
fbd> 



6x2-4/ 



The figure is drawn in these proportions, b is the whole 
breadth D B, and d the whole depth. Its strength is to that 
of the circumscribing rectangle shown by the dotted lines as 

- : 1 or as 5 : 12. 

These equations show the relation between the strength of 
beams, and the weight to be supported in some of the most 
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useful cases when the load is applied as in fig. 14 ; but 
previous to considering how these equations will be effected 
by varying the mode of supporting the beam, it will be 
desirable to give some rules for estimating the deflexion of 
beams. 

120. The deflexion of a beam supported as in fig. 10, 
Plate II., is caused by the extension of the fibres of the 
upper side, and the compression of those on the under side ; 
the neutral line ABA' retains the same length. 

If we conceive the length of a beam to be divided into a 
great number of equal parts, and that the extension, at the 
upper side of the beam, of one of these parts is represented 
by a b, then the deflexion produced by this extension will 
be represented by d e, and the angles ac b, d c e t being 
equal, we shall have b c : dc \ • ah : d e ; the smallness of 
the angles rendering the deviation from strict similarity 
insensible. 

Now, however small we may consider the parts to be, into 
which the length is divided, still the strain will vary in differ- 
ent parts of it, and consequently the deflexion ; but if we 
consider the deflexion produced by the extension of any 
ptrt, to be that which is due to an arithmetical mean between 
the greatest and least strains in that part, we shall then be 
extremely near the truth. 

We have seen that the strain is as the weight and leverage 
directly, and as the breadth and square of the depth inversely 
(see art. 108). Our investigation will be more general by 
considering the weight, breadth, and depth variable, by taking 
/, b t and d for the length, breadth, and depth of the middle 
or supported point, and \V for the whole weight, and ,v, y, 
and w for the depth, breadth, and weight on any other point. 
Then, the deflexion from the strain at any point c is as 

W t x if x (duF _ , _ g b <P t w (d e)« 
•thd*' :! * : vrty* 
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And, if s be the length of one of the parts into which we 
suppose the whole length divided, then the deflexion from the 
mean force on the length of z situate at c will be 



Wtptf : 



\ * / 



Since the whole deflexion D A is the sum of the deflexions 
of the parts, we have 



121. Case 1, When a beam is rectangular, the depth and 
breadth uniform, and the load applied at one end. Then, 

6 = y, d = x, and W=to. 

Therefore the progression becomes 



of which the sum is 



Hi p 
3d : 



:tho deflexion D A." 



<*«.) 



122. Case 2. When the section of the beam is rectan- 
gular, and the load acts at one end, the depth being uniform, 
but the breadth varying as the length. 

In this case the progression is 



2 s^ 



. 9 



— x P + 2, &o.)= — = tLe defl-xion D A. 
a a 



m 



This is the beam of uniform strength, described in art. 30, 
fig. 6, and the deflexion is -|-rd more than that of a beam of 
equal breadth throughout its length. The deflexion of the 
beam of equal strength described in art. 33 is the same ; the 
neutral axis becomes a circle in both these beams, f 

* The same relation is otherwise determined in Dr. Young's Natural Philosophy, 
vol. ii. art. S25. 

t M. Girard arrives at the erroneous conclusion, that all the solids of equal 
rwiatfuice curve into circular area, (Traite" Annlytique, p. 82.) in consequence of 
neglecting the effect of the depth of the solid on the radios of curvature. 
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In this case it is easily shown by other reasoning that the 
curve of the neutral axis is a portion of a circle, and it is well 
known that in an arc of very small curvature (one of such 
as are formed by the deflexions of beams in practical cases), 
the versed sine is sensibly proportioned to the square of the 
sine. This will enable the reader to form an estimate of the 
accuracy of the method I here follow. I am perfectly satis- 
fied that it is correct enough for use in the construction of 
machines or buildings, and that it is a useless refinement to 
embarrass the subject with intricate rules ; but this explana- 
tion may be necessary to some nice theorists, who aim rather 
at imaginary perfection than useful application. 

123. Case 3. When the section of the beam is rectangu- 
lar, the load acting at the end, the breadth uniform, and the 
depth varying as the square root of the length ; which is the 
parabolic beam of equal strength. (See art. 27, fig. 3, 
Plate £.) 

In this case the progression is 

S*Jy*£l* + S* + 4*) or. 
4 I p 

= (lie deflexion D A, (iv.) 

3 (I 

The deflexion is double that of a uniform beam, while the 
quantity of matter is only lessened 3-rd. 

124. Case 4. When the section of the beam decreases 
from the supported point to the end where the load acts, so 
that the sections are similar figures, then the curve bounding 
the sides of the beam will be a cubical parabola ; that is, the 
depth will be every where proportional to the cube root of the 
length. 

In this case the progression is 

* (1 1 + 2 j + ftc. )- tj£ - tbo deflexion DA. (v.) 



The deflexion is to that of a uniform beam as I S 1 1. 
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125. Case 6. When a beam is of the same breadth 
throughout, and the vertical section is an ellipse (see fig. S, 
art. 32), the deflexion from a weight at the vertex may be 
exhibited in a progression as below : 




-tic. + 



Jl!i! x (_L_ + &0 \,DA. 



} 




By actually summing this progression when m= 10, we 
ve 

= the deflexion D A. (ri.) 



•857 P « 



126. Case 6. If a rectangular beam of uniform breadth 
and depth be so loaded that the strain be upon any poiut c, 
then 

it«W* ( il-de) 



P-.dcx (2 I -de): :W:jt= 



This value of w being substituted in Equation i., we have 

^{ 2 1 (]*+ 2»+ &c.) - z (1» + 2 s , &c) } m!f k 




(4_4) = i^=LLo deflexion D A.» 



This is the deflexion of a beam uniformly loaded when it 
is supported at the ends, / being half the length. 

127. Case 7. If the section of a beam be rectangular, 
and the breadth uniform, but a portion of the depth varying 
as the length, and the rest of it uniform : then the depth at 
any point c will be 

CI 



d 

•j (l-nt+n z)=x; 



the depth at the point where the weight acts being the 
1 — n th part of the depth at the point of support. 



• Tbu relation is otborwiae determine J by Dr. Young. Nat. Pliilos. toI. L art. 329. 
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This value of <r being substituted in Equation i., art. 120, 
it becomes 

d {.(l-ul+nz) 3 (l-Bf+Sn.f / 

And the general expression for the sum of this progression is 

a? 3 «/2(l-n) 3(1-*)* 3 1 . , 1 I _ . 

When n = *5, as in the beams figs. 4 and 5, Plate L, we 
have 



•=D A tho deflexion. 



(viiL) 



Hence the rhfl ^ion of a uniform beam being denoted by 1, 
this beam will be deflected 1635 by the same force; the 
middle sections being the same. 

If the beam be diminished at the end to two-thirds of the 
depth at the middle, then 



and 



d 



1 



=DA the deflexion. 



(«•) 



128. Case 8. If a rectangular beam be supported in the 
middle, and uniformly loaded over its length, then 

Hence, when the beam is of uniform breadth and depth, 
we have, by substituting this value of w in Equation i., 
art, 120, 



2£rX<] +2 a +3 3 + &o.)=^ = D A tho deflexion. 



(«•) 



In this case the deflexion is f-tbs of the deflexion of 
the same beam having the whole weight collected at the 
extremities. 

129. Case 9. If a beam be generated by the revolution 
of a semi-cubical parabola round its axis, which is the figure 
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of equal strength for a beam supported in the middle when 
the weight is uniformly diffused over its length, then 

. . (rfc)W 
and ; also v= j 

These quantities, substituted in Equation i., art. 120, give 

2 'J*'* x -J 1 1 2* + 3* + Ao. J = D A tb© deflexion. (xi.) 

Here the deflexion is $&8 of that of a uniform beam with 
the load at the extremities. 

130. Case 10. If a beam to support a uniformly dis- 
tributed load be of equable breadth, but the depth varying 
directly as the distance from the extremity, as in fig. 21, 
Plate III., then 

d(dc) 



lid: i (dc) : x- 
b is constant, nnd ir — 

therefore, by Equation i., art. 120, 

2 * /= 



(rfc)W 



d 



= D A the deflexion. ( t j;,) 



If the beam had been uniform, and the loads at the extremi- 
ties, the deflexion would have been only ^rd of the deflexion 
in this case. 

The cases I have considered are perhaps sufficient for the 
ordinary purposes of business ; the next object is to show 
how these calculations are affected by changing the position 
and manner of supporting the beam, or the nature of the 
straining force ; and to compare them with experiments, and 
draw them into practical rules. For this purpose the most 
clear and the most useful plan seems to be that of taking 
known practical cases for illustration. 
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BEAMS SUPPORTED IN THE MIDDLE, AND STRAINED AT THE 
ENDS, AS IN THE BEAM OF A STEAM-ENGINE. 

131. The distance F B, fig. 14, of the direction of the 
straining force from the centre of motion being constantly 
the same, the strain will be the same in any position of the 
beam (art. 10S). Also, the deflexion from its natural form 
will be the same in every position, because the strain is the 
same ; and the length does not vary with the position. 

Now the force acting upon the beam of a steam-engine 
being impulsive, the practical rules for its strength will be 
found in the eleventh section ; the formula calculated in this 
section being used to establish those rules. 

BEAMS FIXED AT ONE END ; AS CANTILEVERS, CRANKS, &C. 

132. The strain upon a beam supported upon a fulcrum, 
as in fig. 14, is obviously the same as when one of the ends 
is fixed in a wall, or other like manner ; for fixing the end 
merely supplies the place of the weight otherwise required to 
balance the straining furce. But though the strain upon the 
beam be the same, the deflexion of the point where the strain 
is applied will vary according to the mode of fixing the end ; 
because the deflexion of the strained point will be that pro- 
duced by the curvature of both the parts A B and B A'. 

133. Let the dotted lines in fig. 17, Plate III., represent 
the natural position of a beam fixed at one end in a wall : 
when this beam is strained by a load at A, the compression 
at C will always be enough to allow the beam to curve 
between A' and B, and the strain at the point A' will obviously 
be the same as if a weight were suspended there that would 
balance the weight at A. Let ABA' be the curvature of 
the beam by the load W, and a a a tangent to the point B. 
Then A' a is proportional to the deflexion produced by the 
strain at A', and 
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A'B : BD : : A' o' : D a- 



A'ii 



C 

Now, since the deflexion is as the square of the length 
(see Equation i.-xii., art. 120-130), we have 



e deflexion from the curving of the part A' B ; therefore 

B D x A' a' 



A B 



+ A a = the whole dofleiion D A 



(B A) J :(B A')»::Ao : A'a'= 



Therefore, 



A a x (B Ay 



Aa x 1 + 



(' 



BDkB A" 

<BA) : 



)« 



D A. 



{<■) 



If the angle D B A be represented by c, then 

B D = B A x cos. c ; 

and putting 



we have 



B A' 
r= BA' 

A a x {1 + r. cos. c) = D A . 



But since the deflexion is always very small, in practical 
cases, we may always consider cos. c = 1, or equal to the 
radius, and then we have 

Aax(l + r) = DA. (iii.) 

134. In this equation r is the ratio of the length out of the 
all to the length within the wall ; that is, 

B A : B A' : : 1 : r. 

If the beam be either supported in the middle on a fulcrum, 
r fixed so that the length of the fixed part be equal to that 
of the projecting part, then 

r = l, and 2 (A a)=D A. (Iv.) 

135. If the fixed part be of greater bulk than the project- 
g part, or it be so fixed that the extension of the fixed part 

would be very aniall, then the effect of such extension may be 



no 
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neglected, and the deflection D A and A a will be the 
same; particularly in the cranks of machinery, as in fig. 18, 
because by employing this value of D A in calculating the 
resistance to impulsion, we err on the safe side. See art. 327. 

BEAMS SUPPORTED AT BOTH ENDS, AS BEAMS POR 
SUPPORTING WEIGHTS, &C 

13G. When the same beam is supported at the ends, as in 
fig. 19, instead of being loaded at the ends, and supported 
in the middle, as in fig. 14, and the inclination and sum of 
the load be the same in both positions, the strains will be the 
same. 

In either position of the beam we have 

WxFB = W'xFB, 

or as 

and therefore, 
Consequently, 



W: W'::F B:FB; 
W + W': W: : F F' : F B.* 



,„ „„ W + W'xF'BxFB 
WxFB ^ 

If the beam be a rectangle, and the whole length F F = /, 
and W the whole weight, then by art. 110, Equation x. 

//.</= WxFBxFB 

— - — r— w 

137- And the strain is as the rectangle of the segments 
into which the point B divides the beam ; and therefore the 
greatest when the point B is in the middle, as has been other- 
wise shown by writers on mechanics.! 

If the weight be applied in the middle, then 



W+W'xF BxFB W + W* FF 
KP " 4 

* I'ii.. ! iii 1 . Element*, Prop. xvnr. Book v. 
t Grugory '■ Mechanic*, vol. L. art. 178, cor. 2. 
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In a rectangular beam, the whole length being I, and W 
the whole weight > then 

ftitP IW 2/brP 

<r = T' ** a - - w 

138. When a weight is distributed over the length of a 
beam A B, fig. 20, in any manner, the strain at any point C 
may be found. For let G be the centre of gravity of that 
part of the load upon A C, and g that of the load upon B C. 
Then by the property of the lever, 

=the stress at C from the weight w of the load upon 

AC. 

Also, 

* B =the stress at C from the weight ic of the load upon 
CB. 

Therefore the whole stress is 



i gxCBrfAQ + wrxACxyB 
ACxCB 

And by Equation v. art. 136, the strain will be 



ipxCBk AO + w'* AC. vB . ... 

aTb <m > 

139. Case 1. When the weight is uniformly distributed 
over the length, then 

AG = JAC; g B=J C B, and io+ i£ r'=W, 

the whole weight upon the beam ; these values being substi- 
tuted in Equation vii. it becomes 

Wy ACxCB 



2 A B 



= strain at C. 



The strain is greatest at the middle of the length, for then 
A C x C B is a maximum, and it is evidently the same as if 
half the weight were collected there ; for in that case A C 
being equal C B, and either of these equal to half A B, we 
have in the case of a rectangular beam 
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140. Case 2. When the load increases from A to B in 
proportion to the distance from A ; then 



AQ = JAC, and0B = i CBx 



3 AB-2C B 
2AB- CB ' 



Now since 
and 

also 



o- r w - the whole weight, 
I AC 3 x W 



A B 



io* =4 CB x W 



2 A B — C B 

A~B ' 



if these values be inserted in Equation vii. we have 

W.AC 



A B 



(A B 2 — A C-) = the ■train at C. 



By the principles of maxima and minima of quantities, we 
readily find that the strain is the greatest at the distance of 
«/£A B from A. And the strain will be nearly 

A B* , W W . A B 

at the point of greatest strain = m when W is the whole weight, (xi.) 



15 50 



This distribution of pressure applies to the pressure of a 
fluid against a vertical sheet of iron ; as in lock-gates, reser- 
voirs, sluices, cisterns, piles for wharfs, &c. 

141. Case 3. When the load increases as the square of 
the distance from A, we find by a similar process that the 
strain at any point G is 



W.AC 
12 A H 2 



x (A B 3 — A C 1 ). 



<xil> 



The point of maximum strain in this case is at the distance- 
of (J) 1 A B from A. 
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RESISTANCE TO CROSS STRAINS. 

142. Prop. i. To determine a rule for the breadth and 
depth of a beam, to support a given weight or pressure, when 

le distance between the supported or strained points is 
m ; when the breadth and depth are both uniformly the 
throughout the length, and the strain docs not exceed 
tic force of cast iron, 

143. Case 1. When a beam is supported at the ends, and 
loaded in the middle, as in fig. 19. From Equation vi. art. 
137, taking W for the weight, we have 

W / = where l=FP; fig. 10, 

and the value of f is the only part required from experiment • 
and 

s r w 



2bd? 



low, in the experiment described in art. 5C, Sect. V., the bar 
returned to its natural state when the load was 300 lbs., and 
I was perfectly satisfied that it would bear more than that 
weight without destroying its elastic force. Therefore, from 
this experiment, 



cast iron of the quality described in art. 56, will bear 
lbs. upon a square inch, when drawn in the direction 



* Mr, Tredgold find* here tint out iron will bear a. direct- tensile force of 15,300 lbs. 
per square inch without injury to its elasticity, and concludes (arts. 70 — 70) that it« 
utmost tensile force is nearly three time* as great as tbi*, or upwards of 20 tons. 
But it will be shown in the " Additions," art. 3, that a losa weight per inch than 
15,300 ft>«. was Kuffieient to tear asunder bars of sereral sorts of coat iron ; olid the 
mean strength of that metal, from experiment* on irons obtained from various parta 
of the United Kingdom, did not exceed 16,505 lbs. per square inch. Mr. Tredgold 
was mistaken in supposing the bar to have borne 300 lbs. without injury to its 
elasticity, aa will be seen under die head " TransTerae Strength " in the Additions.— 
Editor. 

i 
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of its length, without producing permanent alteration in its 
structure. If this value of / be employed, our equation 
becomes 

9t w 

2 k 15800 

or, as it is convenient to take / in feet, 
s x n x ; x w ^; ^v, ... 

2 x 16200 ~650 

144. Rule 1. To find the breadth of a uniform cast iron 
beam, to bear a given weight in the middle. 

Multiply the length of bearing in feet by the weight to be 
supported in pounds ; and. divide the product by 850 times 
the square of the depth in inches ; the quotient will be the 
breadth in inches required.* 

145. Rule 2. To find the depth of a uniform cast iron 
beam, to bear a given weight in the middle. 

Multiply the length of bearing in feet by the weight to be 
supported in pounds, and divide this product by 850 times 
the breadth in inches ; and the square root of the quotient 
will be the depth in inches. 

When no particular breadth or depth is determined by the 
nature of the situation for which the beam is intended, it will 
be found sometimes convenient to assign some proportion ; 
as, for example, let the breadth be the nth part of the depth, 
n representing any number at will. Then the rule becomes — 

146. Rule 3. Multiply n times the length in feet by the 
weight in pounds; divide this product by 850, and the cube 
root of the quotient will be the depth required: and the 
breadth will be the wth part of the depth. 

It may be remarked here, that the rules are the same for 
inclined as for horizontal beams, when the horizontal distance, 
F F' fig. 1 9, is taken for the length of bearing. 

• If tbe bar is to be of wrought iron, divide by 952 instead of 850. 
If the beam be of oak, divide by 212 initvad of 850. 
If it be of yellow fir, divide by 255 instead of 650. 
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147. Example L In a situation where the flexure of a 
beam is not a material defect, I wish to support a load which 
cannot exceed 33,600 tbs. (or 1 5 tons) in the middle of a cast 
iron beam, the distance of the supports being 20 feet ; and 
making the breadth a fourth part of the depth. 

In this case 

n = i mid ..z = 3162-35. 

wu 

The cube root of 3162*35 is nearly 14 68 inches, the depth 
required ; the breadth is 

14«S „ „„ . . 
— = 3 '87 inches. 

In practice therefore I would use whole numbers, and make 
the beam 15 inches deep, and 4 inches in breadth. 

148. Case 2. When a beam is supported at the ends, but 
load is not in the middle between the supports. In this 

M 

W.FB. PB_/liF 




I 6 

tion, v. art. 136,) consequently 

4 FB x F B * W 



850 i 



= 6*P. 



149. Rule. Multiply the distance F B in feet (see fig. 19) 
by the distance F B in feet, and 4 times this product, divided 
by the whole length FF in feet, will give the effective 
leverage of the load, which being used instead of the length in 
any of the rules to Case 1, Prob. I., the breadth and depth 
may be found by them. 

150. Example. Taking the same example as the last, 
except that, instead of placing the 15 tons in the middle, it 
is to be applied at 5 feet from one end ; therefore we have 
F B = 5 feet, and consequently 
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the number to be employed instead of the whole length in 
Ride 3. That is, 

4 x 15 x 88600 no „ . 

and the cube root of 2372 is nearly 13*34 inches, the depth 
for the beam, and 

*Mi = 3 83 inch* 

for the breadth, or nearly 13^ inches by 3 5 inches. 

In the former case it was 1 5 inches by 4 inches. 

151. Case 3. When the load is uniformly distributed 
over the length of a beam, which is supported at both ends. 

In this case 

W l _ fbjP 

8 ~ 6 ' 
(see Equation ix. art. 139,) hence 



The same rules apply as in Case 1, art. 144, 145, and 146, 
by making the divisor twice 850, or 1700. 

152. Example. In a situation where I cannot make use of 
an arch for want of abutments, it is necessary to leave an 
opening 15 feet wide, in an 18 -inch brick wall ; required the 
depth of two cast iron beams to support the wall over the 
opening ; each beam to be 2 inches thick, and the height of 
the wall intended to rest upon the beam being 30 feet ? 

The wall contains 

80 x 15 x Ij 675 cubic feet . 

and as a cubic foot of brick -work weighs about 100 lbs., the 
weight of the wall will be about 07,500 lbs. ; and half this 
weight, or 33,750 lbs. will be the load upon one of the beams. 
Since the breadth is supposed to be given, the depth will be 
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found by Rule 2, art. 145, if 1700 be used as the constant 



divisor; thus 



ui visor; 

1 

Who c 



IS x 3875 
17U0 x 2 



* 149 nearly. 



The square root of 149 is 12| nearly ; therefore each beam 
should be 12^ inches deep, and 2 inches in thickness. This 
operation gives the actual strength necessary to support the 
wall ; but I have usually taken double the calculated weight 
in practice, to allow for accidents. 

In this manner the strength proper for bressurnmers, 
lintels, and the like, may be determined. But if there be 
openings in the wall so placed that a pier rests upon the 
middle of the length of the beam, then the strength must be 
found by the rule, art. 145. A rule for a more economical 
form is given in art. 193. 

153. Case 4. When a beam is fixed at one end, and the 
load applied at the other ; also when a beam is supported 
upon a centre of motion. By Equation x. art. 110, 

and taking / in feet, and / — 15,300 Sis., we obtain 



21 2 '5 



ut the divisor 212 will be always sufficiently near for practice. 
154. Rule 1. In a beam fixed at one end, take BD for 
tin length, fig. 17, Plate III., or if the beam be supported in 
the middle, as in fig. 14, Plate II., take B F or B F for the 
length, observing to use the weight which is to act on that 
end in the calculation. Then calculate the strength by the 
rules to Case 1, art. 144, 145, and 146, using 




850 



= 212 



instead of 85(J as a divisor. 
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Example. By tins rule the proportions for the arms of a 
balance maybe determined. Let the length of the arm, from 
the centre of suspension to the centre of motion, be 1^ feet ; 
and the extreme weight to be weighed 3 cwt, or 336 ibs., and 
let the thickness be j^th part of the depth. Then by the rule 



10 x 1-5 * 836 
212 



= 24 nearly. 



The cube root of 24 is 2 - SS inches, the depth of the beam 
at the centre; and the breadth will be - 288 inch. 

For wrought iron the divisor is, in this case, 238, and 
taking the same example, 



10 x 1-5 x 836 
238 



■ 21-2. 



The cube root of 21 2 is 2 77 inches, the depth required . 
and the breadth is 277 inch. 

155. Rule 2. If the weight be uniformly distributed over 
the length of the beam, employ 425 as a divisor, instead of 
850 in the rules to Case 1, art. 144, 145, 146. 

156. Example. Required the depth for the cantilevers of 
a balcony to project 4 feet, and to be placed 5 feet apart, the 
weight of the stone part being 1000 lbs., the breadth of each 
cantilever 2 inches, and the greatest possible load that can 
be collected upon 5 feet in length of the balcony 2200 lbs. ? 

Here the weight is 

1000 + 2200 = 8200 Its.; 



and by Rule 2, Case 4, 



3200 x 4 
2 x 425 



- 15'] nearly 



and the square root of 151 is 3 80 nearly, the depth 
required. 

157. Remark. The depth thus determined should be the 
depth at the wall, as A B, fig. 21, Plate III. ; and if the 
breadth be the same throughout the length, the cantilever 
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will be equally strong in every part, if the under side be 
bounded by the straight line B C ; * therefore, whatever 
ornamental form may be given to it, it should not be reduced 
in any part to a less depth than is shown by that line. 

158. The strength of the teeth of wheels depends on this 
case. But since in consequence of irregular action, or any 
substance getting between the teeth, the whole stress may be 
thrown upon one corner of a tooth ; and it has been shown 
in art 111, that the resistance is much less in that case, for 
then the strength of a tooth of the thickness d would only be 

u it were everywhere of equal thickness ; and to make 
allowance for the diminution of thickness, we ought to make 

f -f- = W. We have also to make an allowance for wear.f 

which will be ample enough at the rate of ^rd of the thick- 
ness ; therefore, 

5 W ' ° r UV25 - W - 

In cast iron/ = 15,300; whence we have, with sufficient 
accuracy, 

W _ / w \ ■ , 

m~*" (iSTo)*-* 

Bale. Divide the stress at the pitch circle in lbs. by 1500, 
Hod t he square root of the product is the thickness of the 
teeth in inches. 



• Emerson's Mechanics, 4to. edit. prop. IxxiiL cor. 2. It »u first demonstrated by 
Galileo, the earliest writer on the resistance of solids. Ope re del Galileo, DLscorai, 
he, p. 104, tome ii. Bonon, 165$. 

t Tbe allowance for wear should be for a velocity of 3 feet per second ; and in 
proportion to the velocity, that is, 

as 3 : J I : : ■ : —. 
* 12 

j f — ^ I o = { (1 — J v) I, or ^ t (3 — r), should bo deducted from the 
thickness in the Table, for velocities differing from 3 feet per second. 
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Example 1. Let the greatest power acting at the pitch 
circle of a wheel be 6000 lbs. Then 

6000 ' 
1500 " '' 

and the square root of 4 is 2 inches, the thickness required. 

The breadth of teeth should be proportioned to the stress 
upon them, and this stress should not exceed 400 lbs. for 
each inch in breadth, when the pitch * is 2£ inches, because 
the surface of contact is always small, and teeth work irregu- 
larly when much worn. 

The length of teeth ought not to exceed their thickness, 
but the strength is not affected by the greater or less length 
of the teeth. f 



A Tabic of ike Tkiebm. Breadth, and Pitch of Tttth for Wkttl W»rL 



Slresrt in lha. At the 

|illub circle 


TuickDcu of 
teoth 


Breadth of 
teeth. 


Pitch : in luetics. 


B>«. 


tnehca. 


Inchon. 


inches. 


400 


0-52 


1 


11 


800 


73 


2 


w 


1200 


M0 


8 


M 


1600 


103 


4 


2'2 


2000 


1*15 


5 


2'4 


24 CO 


1-26 


6 


27 


2800 


1 30 


7 


29 


8200 


1-43 


8 


s-o 


3000 


1 58 


9 


33 


4000 


1 64 


10 


34 


4400 


170 


11 


36 


4800 


1-78 


12 


87 


6200 


1 88 


IS 


8-9 


6600 


1 98 


14 


4-0 


6000 


200 


U 


4'2 



159. As good proportions for the teeth of wheels are of 
much importance in the construction of machinery, I shall 

* The surface of contact is nearly in tho direct ratio of the pitch, and therefore the 
breadth for a 24-inch pitch being given, the breadth for any other tooth will be 
directly as the stress, and inversely as tho pitch. 

t On the length and form of teeth for wheels, tho reader runy consult the Addition* 
to Buchanan's Essays on Mill-work, vol. L p. 39, edited by Mr. Ronnie, 1842 ; or the 
Paper on the Teeth of Wheels, by Professor Willis, given at p. 139 of that work, and 
in the second volume of the Institution of Civil Engineers. 

X The pitch is tho distance from middle to middle of the teeth, and is here made 
21 times the thickness of the teeth. 
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the mode of applying this Table by examples of 
different kinds. 

Case 1. It is a common mode to compute the stress on 
the teeth of a machine by the power of the first mover, 
expressed in horses' power, and the velocity of the pitch 
circle in feet per second. Now, though I have given the 
stress in pounds in the Table, I have still kept this popular 
measure in view ; and assuming a horse's power to be 200 
S>s. with a velocity of 3 feet per second, which we ought to 
do in calculating the strength of machines, — 

Then, the breadth in inches will be equal to the horses' 
power, to which the teeth are equal, when the velocity of the 
pitch circle is 1^ feet per second ; twice the breadth will be 
the horses' power when the velocity is 3 feet per second ; three 
times the breadth will be the horses' power when the velocity is 
\\ feet per second ; four times the breadth will be the horses' 
power when the velocity is G feet per second ; five times the 
breadth will be the horses' power when the velocity is 7^ feet 
per second ; and generally n times the horses' power when 
the velocity of the pitch circle is n times 1^ feet per second. 

Example. Let a steam engine of 10 horses' power be 
applied to move a machine, and it is required to find the 
strength for the teeth of a wheel in it, which will move at 
the rate of 3 feet per second at the pitch circle. 

Here then the horses' power should be double the breadth ; 
consequently the breadth will be 5 inches, and according to 
the Table, the thickness of the teeth 1*15 inches, and pitch 
2 4 inches. 

And the same strength of teeth will do for any wheel 
where the horses' power of the first mover, divided by the 
velocity in feet per second, produces the same quotient. In 
this example it is 10 divided by 3; and the same strength 
of teeth will do for 20 divided by 6 ; 30 divided by 9 ; and 
so on. This will be of some advantage in the arrangement 
of collections of patterns. 
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Case. 2. When a machine is to be moved by horses, the 
horses' power should be estimated higher, on account of the 
jerks and irregular action of horses. We shall not estimate 
above the strain which often takes place in horse machines, 
if we rate the horse power at 400 lbs, with a velocity of 
3 feet per second, and make the strength of the teeth 
accordingly. 

But the breadth of the teeth should be made in the same 
proportion as in the preceding case. 

Example. When the horse power is taken at 400 lbs. 
■with a velocity of 3 feet per second, the stress on the teeth 
is given for this case in the Table. Thus, in a machine to 
be moved by four horses, the stress on all the wheels of 
which the pitch circles move at the rate of 3 feet per second, 
will be 1C00 lbs., and the pitch should be 2 2 inches, and 
thickness of teeth 1*03 inches ; the breadth half the breadth 
in the Table, or 2 inches. 

Then, for any other velocity, as suppose 6 feet per secoud, 
it will be, as 

6:3 :: 1600 : 800. 

That is, the stress on the teeth from a first mover of four 
horses is 800 lbs. when the velocity is 6 feet per second ; 
and the thickness of teeth by the Table is 0*73 inch, and 
pitch 1-5 inches. 

Case 3. It remains now to show the general rule which 
includes the preceding cases, and appears to me to be a more 
direct and simple mode, of proceeding. 

If P be the power of the first mover in pounds, and V 
the velocity of that power in feet per second, the stress on 
the teeth of a wheel of which the velocity of the pitch circle 
is v, will be 

p v 

— = Wi the strew on tho teeth. 



But we cannot always know the velocity of the pitch 
circle, because it is not in general possible to vary the number 
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of teeth after the pitch is determined, so as to give it the 
velocity we have assigned to it before the pitch was known. 

The calculation may therefore be made with advantage in 
this manner: Let N be the number of revolutions the axis 
is to make per minute, on which the wheel is to be placed i 
and r the radius the wheel should have if the pitch were two 
inches, then 2-1 d n r d n * 

" = 19'09x24 ~~ 2]8'ie" 

Consequently, pv = 2is-i6 f v = w 



Hence 



218-16 PV . /•14544 PY\l . 
1600 Nr =tPi0r ( Xr ) = 



The equation affords this rule. 

Rule. Multiply 0146 times the power of the first mover 
in pounds by its velocity in feet per second, and divide the 
product by the number of revolutions the wheel is proposed 
to make per minute, and by the radius the wheel should 
have in inches if its pitch were two inches ; the cube root of 
the quotient will be the thickness of the teeth in inches. 

Example 1. Suppose the effective force acting at the 
circumference of a water-wheel to be 300 lbs. and its velo- 
city 10 feet per second,* it is proposed to find the thickness 
for the teeth of a wheel which is to make twelve revolutions 
per minute, and have thirty teeth. 

Here, . 146 x 300 x 10 = «b. 

And since the radius of a wheel with thirty teeth and a pitch 
of 2 inches is 9 567 inches ; f we have 

438 

17* 9"667 = 3 ' 815 - 

• Th« manner of estimating the effective force, and determining tbo best velocity 
for water-wheels, is shown in the Additions to Buchanan's Essays on Mill-work, toI. il 
p. 512-528, second edition ; or p. 326-333, in the edit, by Mr. Rennie, 1842. On the 
•abject of water-wheels the reader may consult Mr. Rennie'a Preface, p. 22. for a 
notice of tho labours of Poncelet, Morin, Ac, and the valuabla ex[*rinietita of the 
Franklin Institute 

t This is easily ascertained by Donkin'a Table of the radii of wheels. See 
Buchanan's Eu&ya, vol. i. p. 206, second edition; or p. 114, Rennie's edition. 
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The cube root of 3*815 is very nearly 1-563, the thickness of 
the teeth required in inches. 

Example 2. Let the effective force of the piston of a 
steam engine be 6875 lbs. and its velocity 3| feet per 
second; it is required to determine the strength for the 
teeth of a wheel to be driven by this engine, which is to 
have 152 teeth, and make 17 revolutions per minute. 

In this case the radius for 1 52 teetli with a 2-inch pitch 
is 48*387 inches ; therefore, 

146 x 6876 x 3'5 _ 
17 5 x 48-387 " 

And the cube root of 4'15 is very nearly 1*6 inches, the 
thickness of the teeth required. 

By referring to the Table it will be found that teeth of this 
thickness should have a breadth of about 9 inches. 

These rules will be found to give proportions extremely 
near to those adopted by Boulton and Watt, of Soho ; 
Itothwcll, Hick, and Rothwell, of Bolton, in Lancashire \ 
and other esteemed manufacturers ; which is one of the most 
gratifying proofs of the confidence that may be placed in 
the principles of calculation I have followed. The diffe- 
rence is chiefly in the greater breadths I have assigned for 
the greater strains, and which being a consequence of the 
principle adopted for proportioning these breadths, I cannot 
agree to change till it can be shown that the principle is 
erroneous. 

ICO. Case 5. When the pressure upon a beam increases 
as the distance from one of its points of support. Since the 
point of greatest strain is at ^/ ^ I from the point A, where 
the strain begins at (see fig. 20), we have by art. 140 and 
110, 

W l _ fbtP 
776 " U ' 

or when / is in feet, and 




] 



RESISTANCE TO PRESSURE. 



125 



a result which differs so little from Case 3, that the same 
rule may serve for both cases. 

161. Prop. II. To determine a rule for the diagonal of 
a uniform square beam to support a given strain in the 
direction of that diagonal ; when the strain does not exceed 
the elastic force of cast iron. 

162. Case 1. When a beam is supported at the ends 
and loaded in the middle, 



Wl 

4 



fa' 



art. 137 and 112 ; or when I is in feet, and 

/= 15300 k(^D i - «■ 

Rule. Multiply the length in feet by the weight in 
and divide the product by 212; the cube root of 
the quotient is the diagonal of the beam in inches. 

164. Case 2. When a beam is supported at the ends, 
and the strain is not in the middle of the length, 

WxFBxF'B fa* 

1 — = w 

art. 112 and 130 j or when / = 15,300 lbs. and the length 
and distances F B, Y B from the ends are in feet, 



( 



W n FB x F' B 

5s; 



)* = *. 



165. Rule. Multiply the weight in pounds by the dis- 
tance F B in feet, and multiply this product by the distance 
from the other end, or F' B in feet (see fig. 19). Divide the 
last product by 53 times the length, and the cube root of 
the quotient will be the diagonal of the beam in inches. 

I limit the rules to these cases only, because a beam is 
seldom placed in the position described in this proposition. 
Examples are omitted for the same reason. 

166. Prop. in. To determine a rule to find the diameter 
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of a solid cylinder, to support a given strain, when the strain 
does not exceed the elastic force of cast iron. 

If the diameter be not uniform, the diameter determined 
by the rule will be that at the point of greatest strain, and 
the diameter at any other point should never be less than 
corresponds to the form, of equal strength. 

167. Case 1. When a solid cylinder is supported at the 
ends, and the weight acts at the middle of the length, 

Vf l -7854 f,P 
~4 8 * 

art. 113 and 137 ; or when / is in feet, 

/= 15300 Its. and d = the diameter in inches. 

we have 

V 500 / 

168. Rule. Multiply the weight in pounds by the length 
in feet ; divide this product by 500, and the cube root of 
the quotient will be the diameter in inches.* 

The figure of equal strength for a solid, of which the cross 
section is everywhere circular, is that generated by two cubic 
parabolas, set base to base,f the bases being equal, and 
joining at the section where the strain is the greatest. 

1G9. Example. Required the diameter of a horizontal 
shaft of cast iron to sustain a pressure of 2000 lbs. in the 
middle of its length ; the length being 20 feet ? In this 
case we have 

2000 x20 _ 
600 

and the cube root of 80 is 4*31 inches nearly, which is the 
diameter required. 

This is supposed to be a case where the flexure is of no 
importance, otherwise the diameter must be determined by 
the rules for flexure. 

• For wrought iron divide by 560 instead of 500. For oak divide by 125 instead 
of 500. 

t Emerson'a Mechanics, 4to. edit., prop, lxxiii., cor. 4. 
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170, Case 2. When a cylinder is supported at the ends, 
but the strain is not in the middle of the length. By art. 113 
and 136, 

WxFBxFB -7854/cP 



or when the lengths are in feet, d is the diameter in inches, 
and y= 15,300, the equation becomes 

/4 Wx PB x PB\I . 

( wioT ) " d - 

171. Rule. Multiply the rectangle of the segments, into 
which the strained poiut divides the beam, in feet, by 4 times 
the weight in pounds ; when this product is divided by 500 
times the length in feet, the cube root of the quotient will be 
the diameter of the cylinder in inches. 

The figure of equal strength is the same as in Case 1, 
art. 168. 

172. Example. Required the diameter of a shaft of cast 
iron to resist a pressure of 4000 lbs. at 3 feet from the end, 
the whole length of the shaft being 14 feet? In this 
example 



3 x 11 k 4 x 4000 
S0O x 11 



= 75-43. 



The cube root of 75'43 is nearly 4'23 inches, the diameter 
required. • 

173. Case 3. When a load is uniformly distributed over 
the length of a solid cylinder supported at the ends only. 
By art. 113 and 139, 



w i 

— = -7854/rf»; 



therefore, when / is in feet, d the diameter in inches, and 
/= 15,300, we have 



174. Rule. Multiply the length in feet by the weight in 
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pounds, and , A th of the cube root of the product will be the 
diameter in inches.* 

The figure of equal strength for a uniform load, the 
section being everywhere circular, f is that generated by the 
revolution of a curve of which the equation is 

o (l a: = 

175. Example. A load of 6" tons (or 13,440 lbs.) is to be 
uniformly distributed over the length of a solid cylinder of 
cast iron, of which the length is 12 feet ; required its diameter, 
so that the load shall not exceed its elastic force ? 

In this case 

12 x 13440 - 161280; 

and the cube root of 161,280 is 54 44, and ^ th of this is 
5 444 inches, the diameter required. 

176. 6'» 4. When a cylinder is fixed at one end, and 
the load applied at the other j also, when a cylinder is 
supported on a centre of motion. By art. 113, 

W l m -7854/r 1 ; 

therefore, when d is the diameter, / is in feet, and /-jl 
15,300 lbs., we have 

The figure of equal strength is the same as in Case 1, 
art. 168. 

177. Rule. Multiply the leverage the weight acts with, 
in feet, by the weight in pounds ; the fifth part of the cube 
root of this product will be the diameter required in inches. 

The most important application of this case is to determine 
the proportions for gudgeons and axles ; and this application 
will be best illustrated by an example. 

The greatest stress upon a gudgeon or axle takes place 
when, from any accident, that stress is thrown upon the 



For wrought iron divide by 1 0'8S. 



t Eraereon's Me^hauios, prop. Ixxiii., cor. 3. 
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extreme point of its bearing. Bat besides the greatest 
possible stress we have to provide for wear .- perhaps |th of 
the diameter may be allowed for this purpose. 

Now taking the length / for the length from the shoulder 
to the extreme point of bearing in inches, we have 

i (4 i W)* = rf (1 - 1>; at I (t W)*- i 

Whence we have this practical rule : Multiply the stress in 
pounds by the length in inches, and the cube root of the 
product divided by 9 is the diameter of the gudgeon in 
inches." 

Example. Let the stress on the gudgeon be 10 tons, or 
22,400 lbs., and its length 7 inches. Then 

7 X 22400 = 1568O0 [ 

and the cube root of this number is 5-1 nearly ; and 

ft . 

— = o inches. 

the diameter required. 

But the stress of a gudgeon on its bearings ought to be 
limited, otherwise they will wear away very quickly : let us 
suppose this stress to be confined to a portion of the circum- 
ference, which is equal to fths of the diameter of the 
gudgeon; and that the pressure is limited to 1500 lbs. upon 
a square inch, which is about as great a pressure as we ought 
to put on the rubbing surfaces when one of them is of gun- 
metal. In this case we shall have 

■ 4 W W . 

**« x 160UOJ ► or,s * 1125 <£' 

and to allow for a small portion of freedom we make 

1000 d 

* For wrought iron divide by 9 - 84. For wheel carnages lew than 3-inch axle* the 
length m»j be 5 times the diameter ; then for wrought iron, 
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If this value of I be introduced in the preceding equatio n 
we have , /W ,v, 

±( — Y=d; or W= 854 <*> ; and I = 854 d. 

According to these principles the following Table* has been 
calculated, and I hope it will be useful. 

Table of the Proportion! of Oudytons and Axle* for different dtgrect of Strta. 



DUniolor of 
gudgeon*. 


Length of gudgeoni . 


Stress they may 
sustain. 


Inch aa. 


tDohus. 


tt>s. 




43 


213 


t 


-64 


480 


1 


■85 


854 




1-26 


1,921 


a 

3 


V7 


3.410 


2'5 


7,688 


4 


34 


19,664 


S 


4-3 


21,350 





51 


30,744 


7 


5-9 


41,846 


8 


e-8 


£4,656 


9 


T-7 


6»,174 


10 


8-5 


85,400 



Gudgeons exposed to the action of gritty matter may be 
made larger in diameter about £th part. 

178. Prop. iv. To determine a rule for the exterior 
diameter of a uniform tube or hollow cylinder * to resist a 
given force where the strain does not exceed the elastic force 
of cast iron. 

179. Case 1. When a tube is supported at the cuds, and 
the load acts at the middle of the length. By art. 115 
and 137, w , 

—£ l = -7854/^(1 - N*) ,- 

hence, when d is the diameter in inches, / the length in feet, 
and /= 15,300 lbs., we have 

/ »' V , j 

\ 500 (1 - N«) / 

180. General Rule. Fix on some proportion between the 
diameters ; so that the exterior diameter is to the interior 



* A considerable accession of strength and stiffness is gained by making shafts 
hollow, which boa been illustrated in art. 115; but it is difficult to get them cut 
sound, therefore shnfU of this kind require to be carefully proved. 



vh.] RESISTANCE TO PRESSURE. 131 



diameter as 1 is to N ; the number N will always be a 
decimal, and ought not to exceed O B.* 

Then multiply the length in feet by the weight to b 
supported in pounds. Also, multiply 500 by the difference 
between 1 and the fourth power of N, and divide the product 
of the length and the weight by the last product, and the 
cube root of the quotient will be the diameter in inches. 

The interior diameter will be the number N multiplied by 
the exterior diameter, and half the difference of the diameters 
will be the thickness of metal. 

If the proportion between the exterior and interior diameter 
be fixed, so that the thickness of metal may be always -frth of 
the exterior diameter of the tube; then N= 6; and the 

And there being no difference between this equation and 
that for a solid cylinder, except the constant divisor, we have 
this rule : 

Particular Rule. When the thickness of metal is to be 
£th of the diameter of the tube, let the diameter be calcu- 
lated by the rule for a solid cylinder, art. 168, except that 
435 is to be used as a divisor instead of 500. 

181. Example. Let the weight of a water-wheel, including 
the weight of the water in the buckets, be 44,800 lbs., and 
the whole length of the shaft 8 feet j from which deducting 5 
feet,f the width of the wheel, leaves 3 feet for the length of 
bearing ; required the diameter of a hollow shaft for it ? 



a 

e 



• In ■ targe shaft there should be a tolerable bulk of metal to secure a perfect 
easting. Mr. Buchanan, in his " Essay on the Shafts of Mills," vol. i., p. 305, second 
edition (or page 202-3 in the edition of 18-11), describes a hollow shaft of which tbe 
exterior diameter was 10 inches, and the interim one 12 inches, therefore 

10 ;12::1 :N -H-'W 



This shaft was for an over-shot water-wheol of 16 feet in diameter. 

+ The wheel being so framed that the part of the length of the abaft it occupies 
may be considered perfectly strong. 
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Making N= '7, its fourth power is 2401 ; and 

1 — -240 = -76. 

Therefore, by the general rule we have 

? 364 in the nearest whole number* j 

500 x -76 

and the cube root of 354 is 7 inches, the exterior diameter ; 
and 

7 x '7 = 4"9 inches, the interior diameter. 

By the particular rule the computation is easier, for it is 

S x 44800 

-Tafi-- 309 '- 

and the cube root of 309 is 676 inches, the exterior 
diameter ; and the thickness of metal £th of this, or If 
inches nearly. 

The particular rule will be found to give a good proportion 
for the thickness of metal for considerable strains ; but in 
lighter work, where stiffness is the chief object, recourse 
should be had to the general rule. 

182. Case 2. When a tube is supported at the ends, but 
the strain is not in the middle of the length. When the 
necessary substitutions are made, we have, by art. 115 
and 13C 

/ 4 W x FBx F Bu 
I fiOO I x (1 - N*) ) " * 

183. Rule. Multiply the rectangle of the segments into 
which the strained point divides the beam, in feet, by four 
times the weight in pounds ; call this the first product. 

Multiply 500 times the length, in feet, by the difference 
between 1 and the fourth power of N (N being the interior 
diameter when the exterior diameter is unity) ; call this the 
second product. 

Divide the first product by the second, and the cube root 
of the quotient will be the exterior diameter of the tube in 
inches. 
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Or, making the thickness of metal -^th of the diamete 
calculate by the rule art. 171, using 435 instead of 500 as 
divisor. 

1S4. Example. Let the weight of a wheel and other 
pressure upon a shaft be equal to 36,000 lbs., the distance of 
the point of stress from the bearing at one end being 3 feet, 
and the distance from the other bearing 15 feet ; N being *8 
required the exterior and interior diameter of the shaft ? 

The fourth power of '8 is '409, and 

l - -m = mi. 

Therefore by the rule 

3 x 15 x 4 » 36000 
500 x 4/5 x 591 

and the cube root of 485 is 7 86 inches, the exterior diame- 
ter, and 

7 86 x - 8 = 6"3 inches, tUo interior diameter. 

Cases 3 and 4 are not likely to occur in the practi 
application of tubes, but they may be supplied by Cases 
3 and 4 for solid cylinders, by dividing the diameter of the 
solid cylinder by the cube root of the difference between 
1 and the fourth power of N ; or when the thickness of 
metal is to be £th of the diameter, divide by 435 instead of 
500. 

185. Prop. v. To determine a rule for finding the dep 
of a beam of the form of section shown in fig. 9, Plate L 
to resist a given force when the strain does not exceed th 
elastic force of cast iron. 

186. Case 1. When the beam is supported at the ends 
and the load acts in the middle of the length. By ail. 11 
and 137, 



134 



RESISTANCE TO PRESSURE. 



[SECT. VII. 



or making / = the length in feet, and/ = 15,300 lbs., 

1S7. Ride. Assume a breadth a b, fig. 9, that will answer 
the purpose the beam is intended for ; and let this breadth, 
multiplied by some decimal q, be equal to the sum of the 
projecting parts, or, which is the same thing, equal to the 
difference between the breadth of the middle part and the 
whole breadth. 

Also, let p be some decimal which multiplied by the whole 
depth will give the depth of the middle or thinner part ef in 
the figure. 

Multiply the length in feet by the weight in pounds, and 
divide this product by 850 times the breadth multiplied into 
the difference between unity and the cube of p multiplied 
by q y the square root of the quotient will be the depth in 
inches. 

The figure of equal strength for this case is formed by two 
common parabolas put base to base, as shown by the dotted 
lines in fig. 22; for/: d 7 a property of the parabola, the 
other being constant quantities. Fig. 22 shows how it may 
be modified to answer in practice. When a figure of equal 
strength is used, the depth determined by the rule is that at 
the point of greatest strain, as C D in the figure. 

18S. Example 1. Required the depth of a beam of cast 
iron of the form of section shown in fig. 9, Plate L, to bear a 

• If wo niako p = '7, and q - -6; then, 

850 (1 - q p») = 675 ; 

and the ™'e ie 

Wl . » 

and the breadth of the middle port = "4 b. and the depth of the middle part • 7 d. 

When the parts aro in those proportions, the strength u to that of the circum- 
scribed rectangular eection as 1 : 1'26. 

If, with the Bamo proportions, we mAke the breadth n ft always one-fifth of the 
doptb b d, Eg, 9, the strength will be to that of a square beam of the same depth as 
1 : 6 3 ; and the etiffuess will be in the «amo proportinu, 
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load of 38,600 lbs. in the middle of the length, the length 
being 20 feet, and the breadth, a 6, 3 inches ? 

Take "625 for the decimal q, and 7 for the decimal p, 
which are proportions that will be found to answer very well 
in practice.* 

Then 

20 x 33600 _ 20 x S360Q . 

850 x 8 x (1— -625 x 7») ~ 3 x 667 ncary; 

and the square root of 335*4 is 18*4 inches, the depth 
required. 

The depth bd being 18 4, the depth e/will be 

18-* x 7 = 12-88 inchwi; also, 
3 x -625 = 1-875, and 
» - 1-875= 1125 inches, 

the breadth of the middle part of the section. 

Comparing this with the example, art. 147, it will be 
found that the same weight requires only about f-rds of the 
quantity of iron to support it, when the beam is formed in 
this manner. 

Example 2. The same rule applies to determining the size 
of the rails for an iron railway, where economy with strength 
and durability is of much importance. As the weight has to 
move over the length of the rail, the figure of equal strength 
is that shown in Plate III., fig. 24, only it should be placed 
with the straight side upwards. 

Suppose the weight of a coal waggon to be about 4 tons, 
8960 lbs. ; when the rails are shorter than twice the dis- 
tance between the wheels, the utmost strain on a rail cannot 
exceed half this weight, or 4480 lbs., which will be allowing 
half the strength nearly for accidents. The usual length of 

* Since 

850 (1 - *626 x -7 s ) fl 677 nearly ; 
whenever the same proportions arc used, the divisor 677 maj be employed instead of 
repeating the calculation. 
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one rail is 3 feet,* and supposing the breadth to be 2 inches, 
then, by the manner of calculation shown in the note to 
art. 186, 

W l 4480 » 3 _ 
(J70 x b ~ <J75 x -l ~ ' 

and the square root of 

9»G = 31 C inches, 

the depth in the middle of the length. 



• It Is worthy of consideration whether this be the moat economical length, or not. 
for rails. This may be duno as foltows : 

The weight of a bar of iron, an inch square and 700 feet long, is 1 ton ; therefore, 
for a length of 700 feet, the area of the bar in inches multiplied by the price of a ton 

of iron will be the amount of 700 feet of rail. Make -— - the length of a single rail ; 

then, supposing the roil all of the same thickness, 

, W x 700 _ , 
V 850 xii - 

tbo depth, and when it ia reduced at the ends. 



x 700 = the area; 



850 x A x 



and calling A the price of a ton of iron ; and B the price of fixing, and materials for 
one block ; then the price of 700 feet will be 

.. . . /W x 700 _ -6i A V~* n 
" A 6 V ar „ , — + * B= = +Bir, 

860 b x ^ j. 

Hence by the rules of maxima and minima it appears that the price will be the 
least when the number of supports for "00 feet is 

82 A y/WL- 



/ '32 A V W b \ 



wherein W is half the weight of a waggon and its load in fug. 

Tbo same equation will apply to the new railway invented by Mr. Palmer, when W 
ie made the whole weight of the waggon in His. 

Au example will illustrate the application : Let A the price of a ton of iron be jC8 ; 
B the price of one support £0*5 ; the weight of a waggon 8900 lbs. ; and the breadth 
of tbo rail 8 inches. Then 



^ •82 x 8 k V8P0O x | _ g9 

that is, there should be 89 supports in 700 feet, in order that the expense may be the 
least possible at these prices, and for these proportions; which makes the distance of 
the support* ncwlv 8 feet. But it should bo understood that these prices are only 
what 1 have inserted fur illustration ; the; are not from actual estimate. 
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Also, 



816 x 7 = 2-212 Inches, 



the depth of the thin part in the section at the middle of the 
length, and 

2x4= 8 inch, 

the thickness of the middle part of the section. 

The depth of a rail, all of the same thickness, would be 
2 83 inches in the middle, calculated by Rule 2, art. 145. 

Example 3. In Palmer's railway a single rail carries the 
waggon ; * and let its weight be 8960 lbs., and the length of 
the rail 8 feet, its breadth 3 inches. By the rule 



Wi 8960 x 8 
675 lT 675 x 8 



= 854. 



The square root of 85*4 is very nearly 6 inches, the dept 
required ; and the depth of the middle part 

C x 7=4-2 inches. 

The breadth 3 inches, and breadth of middle part 

3 H '4 m 1-2 inches. 

These are the dimensions for the middle of the length j but 
the under edge should be the figure of equal strength, 
Plate III., fig. 24, with the straight side upwards. 

180. Case 2. When the beam is supported at the ends, 
hut the load not applied in the middle between the supports. 
When / is the length in feet, and /= 15,300 lbs., 



4 F B x F E x W 



860<(l-j^g) 

by art. 116 and 136. 

190. Rule. Multiply the rectangle of the segments into 
which the strained point divides the beam, in feet, by 4, and 
divide this product by the length in feet ; use this quotient 
instead of the length of the beam, and proceed by the last 
rule. 



* Description of A Railway On a New Principle, by EL R. Palmer, 8vo. 
1323. 
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191. Example. Let the load to be supported be 33,600 lbs. 
at 5 feet from one end, the whole length being 20 feet. Also, 
let the breadth of the widest part a 6, fig. 9, be 4 inches. 

Here F B = 5 feet, therefore F B = 1 5 feet, and 

i « 5 * 15 

•0 = 15 : 

the multiplier to be used instead of the whole length in the 
rule. 

Let p = % and q a 625 j then 

15 x 33600 15 x 33600 

850 * 4 n (1 - -625 k 7») = ~*177 = 1 89 aairijr ' 

of which the square root is 13 5 inches, the depth required. 
The depth e f will be 

•7 N 13-5 m 9-45 inches, 

and the breadth of the middle part of the section will be 



4 - 4 x -625 - 4 - M m 15 incbea. 

192. Case 3. When the load is uniformly distributed 
over the length of a beam. In this case 

m 

1700 11 — qp>) 

by art. 116 and 139. 

193. Rule. Use half the weight instead of the whole 
weight upon the beam, and proceed by the rule to Case 1, 
art. 187. 

The form of equal strength for this case, when the breadth 
is uniform, is an ellipse, but in practical cases it will require 
to be altered to the form shown in fig. 24. 

194. I propose to give as an example of this rule, its 
application to the construction of fire-proof buildings ; but it 
also applies to rafters, girders, bressummers, and all cases 
where the load is uniformly distributed over the length. 

A fire-proof floor is usually formed by placing parallel 
beams of cast iron across the area in the shortest direction, 
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and arching between the beams as shown by fig. 10, Plate I., 
with brick or other suitable material. Or they may be done 
by flat plates of iron resting on the ledges, with one or two 
courses of bricks paved upon the iron plates ; and when the 
distance of the joists is considerable, the iron plates may be 
strengthened by ribs on the upper side as the floor plates of 
iron bridges are made. 

When arches are employed, floors of this kind are least 
expensive when the arches are of considerable span ; but then 
it is necessary to provide against the lateral thrust of the 
arches by tie bars. Also, since the arches ought to be flat, 
we can only extend them to a limited span, otherwise they 
would be too weak to answer the purpose. For instance, 
when an arch is to rise only j^th of the span, and to be half 
a brick (or 4^ inches) thick,* the greatest span that can be 
given to the arch with safety in a floor for ordinary purposes 
is 5 feet. If the arch rise only j^th of the span, the span 
must be limited to 4 feet ; and if it rise only j^th of the 
span, it must be limited to 3 feet. 

Again, for arches of one brick (or 9 inches), to bear the 
same load, and the rise j^th. of the span, the greatest span 
that can be given with safety is 8 feet j f when the rise is 
i'ath of the span, 7 feet ; and when the rise is only ^th of 
the span, the greatest span should not exceed 5 feet. 

These limits were calculated from the ordinary strength of 
brick, and on the supposition that the load upon the floor 
will never be greater than 170 lbs. upon a superficial foot, in 
addition to the weight of the floor itself. If the load be 
greater, the span must be less, or the rise greater.^ 

For half-brick arches the breadth of the beam c d, fig. 9, 
should be about 2 inches j and for 9-inch arches, from 2^ to 
3 inches. 

* Bad. of curv. 6-75 feet, 
t End. of curv. 15 6 feet. 

t Soe aluo Elementary Principle* of Carpentry, art- 245 and 270; edition by Mr. 
Barlow. 
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Example. It is proposed to form a fire-proof room, but 
from its situation it cannot be vaulted in the ordinary way 
on account of the strong abutments required for common 
vaulting, and also common vaulting is objectionable, because 
so much space is lost in a low room. The shortest direction 
across the room is 12 feet, and if iron beams of 3 inches 
breadth be laid across at 5 feet apart, and arched between 
with 9-inch brick, arches, it is required to fiud the depth for 
the beams ? See fig. 10, Plate I. 

The quantity of brickwork resting upon 1 foot in length of 
joist will be 

6 * -75 = S'lH cubic feet; 

and the weight of a cubic foot being nearly lOOfcs.j the 
weight of the brickwork will be 375 lbs. 

But since the space above is to be used, and the greatest 
probable extraneous weight that will be in the room will arise 
from its being filled with people, we may take that weight at 
120 lbs. per superficial foot, and we have 

5 x 120 = 600 Iks. 

for the weight on 1 foot in length. And supposing the 
paving and iron to be 350 lbs. for each foot in length, the 
whole load on a foot in length will be 

876 + 600 + 350 = 1325 H.8. or 
12 x 1325 - 15000 lbs. 

the whole weight upon one joist. And as half this weight 
multiplied by the length, and divided by the breadth and 
constant number,* is equal to the square of the depth, we 
have 

7950 x 12 




(J76 x 3 



= 1711, 



of which the square root is nearly 7 inches, the depth re- 
quired. And 



7x"= 4 9 inches 



* S«e note to Rule, art. ISO. 
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the* depth of the middle part, and 

8 x i = 12 

the breadth of the middle part. 

By fixing the breadth, you avoid the risk of calculating for 
a thinner beam than is sufficient to support firmly the 
abutting course of bricks. 

By means of this example we may easily form o small 
Table of the depth of beams for fire-proof floors, which will 
be often useful : in so doing, I shall not regard the difference 
between the weight of a 9-inch and a 4g-inch floor ; because 
the lighter floor will be more liable to accidents from percus- 
sion, and therefore should have excess of strength. 

Table of Cast Iron Joints for Fire-proof P/oori, when the txlrantnu* l<>ad it not greater 
than 120 Hi. m a tuperfieial foot (tee Floors, Alphabetical Table.) 



Hall-brick arches, breadth of beams 
8 inches. 



S foot span. 4 feet «]<an. 5 feet span 



Dopth in 
inches. 

H 



10 

HI 

53 



Depth in 
inches. 

H 
H 

9 



:?! 

13 

III 



Depth in 
inches. 

7 
84 
10 

.11 

123 
u 

154 

1" 



Nine-inch archrs. breadth of bcama 
3 inches. 



A feat span. T feet span. 8 feet span. 



Depth in 

Inches, 

n 



.si 

iii 

13 

iii 



Depth Id 
inches. 
5! 

rl 

84 
10 

114 

13 

ii* 



Depth in 
uk he*. 



74 



104 
12 

134 

15 

H* 

18 



For half-brick arches the breadth a b, fig. 9, Plate I., is 
to be 2 inches, and the thickness of the middle part ^ths of 
an inch ; the depth e f being j^ths of the whole depth; and the 
whole depth is given in inches in the Table for each length 
and span. 

For 9-inch arches the breadth a b, fig. 9, is to be 3 inches, 
and the breadth of the middle part 1 inch and foths. The 
depth f^ths of the whole depth, as in the 4^-inch arches. 

If the floor be for a room of greater span than about 16 
feet, let the beams be put 8 feet apart ; and put the beams for 
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8 feet bearing across at right angles to the other, in the 
manner of binding joists, and arch between the shorter beams. 
By casting the shorter beams with flanches at the ends, they 
can be bolted to the other, and a complete firm floor be 
made. Thi9 method has also the advantage of rendering it 
extremely easy to fix either a wooden floor or a ceiling. 

The construction of these floors renders a place secure from 
fire without loss of space, and with very little extra expense ; 
it may be of infinite use in the preservation of deeds, libraries, 
and indeed every other species of property. In a public 
museum, devoted to the collection and preservation of the 
scattered fragments of literature and art, it is extremely 
desirable that they shoidd be guarded against fire 5 otherwise 
they may be involved in one common ruin, more dreadful to 
contemplate than their widest dispersion. 

195. Case 4. When a beam is fixed at one end, and the 
load applied at the other. Also, when a beam is supported 
upon a centre of motion. By art. 116, 



or when / is in feet, and /= 15,300 lbs., 



19G. Rule 1. Calculate by the rule to Case 1, art. 187, 
using 212 instead of 850 for a divisor. 

Or when the breadth of the middle is made ! 4 ths of 
the extreme breadth, and the depth e f in fig. 9 is j^ths of 
the whole depth ; then, calculate by the rules art. 144, 145, 
or 140, using 108 instead of 850 as a divisor. 

The figure of equal strength is a parabola; see figs. 25 
and 26. 

197. Hide 2. If the weight be uniformly distributed over 
the length, take the whole load upon the beam for the weight, 
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and calculate by the rule to Case 1, art. 187, except using 
425 instead of 850 as a divisor. 

198. Prop. vi. To determine a rule for finding the depth 
of a beam when part of the middle is left open, as in figs. 11, 
12, and 27, so that it will resist a given force ; the strain not 
exceeding the elastic force of the material. 

199. When the depth is more than 12 or 14 inches, 
angular parts in the middle become necessary, as in fig. 27 ; 
the disposition of the middle part may in a great measure be 
regulated by fancy, provided it allows of sufficient diagonal 
and cross ties to bind the upper and lower parts together. 
The middle parts should be made of the same size as the 
other, in order that they may not be rendered useless by 
irregular contraction. 

If the beams be required so long as not to be made in a 
single casting, and it is not a good plan to cast in very long 
lengths, then they may be joined in the middle, as in fig. 27. 
The connexion is made at the lower side only ; at the upper 
side let the parts ubut against one another, with only some 
contrivance to steady them while they become fixed in their 
places and loaded. Fig. 28 is a plan of the under side, 
showing how the connexion may be made. 

200. Case 1. When the beam is supported at the ends 
and the load acts at the middle of the length. By art. 117 
and 137, 

or making /=the length in feet, and /= 15,300 lbs., 



850(1 -j* 1 ) 



Now, in general, we may make p = % and then, 



144 



or, in practice/ 
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201. Rule. Multiply the length in feet by the weight to 
be supported in pounds; and divide this product by 5G0 
times the breadth in inches ; the square root of the quotient 
will be the depth required in inches. Consult art. 41 and 43 
respecting the form of beams of this kind. The depth 
between the upper and lower part of the beam will be "7 d 
inch, where d is the depth found by the rule. 

202. Example. A beam for a 30-feet bearing is intended 
to sustain a load of 6 tons (13,440 lbs.) in the middle, the 
breadth to be 4 inches ; required the depth ? 

By the rule 



30 * 13440 
4 x 680 



= 180; 



the square root of 180 is nearly 13 4 5 inches, the whole 
depth. 

The depth between the upper and lower part is 



•7 x 13 -5 = 9-45incbe 



If the depth be given, suppose 16 inches, and the breadth be 
required, then 



30 x 13440 



= 2 82, the breadth in inches; 



16 * 16 * 6fl<» 

when the depth is 16 inches, and the depth between the 
upper and lower parts is 

-7 % 16 = 11-2 inches. 



* If we make ? m 6, theu 



135 ' 



■ <P j and b = 2 d. 



and the depth of the section at A B or C D> fig. 11, Plate II., will be the same as the 
breadth of the beam. And aa the equation for a fiqUAre boau of the panic depth ia 

■ <P. 

850 ' 

the atrength of this beam will be to that of the square beam, of the same depth, 
*s I i 63. 
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208. Case 2. When a beam is supported at the ends, but 
the load is not applied at the middle. 

When / is the length in feet, jd= 7, and /= 15,300 lbs., 

4BC x CD x W , _ 
MSI ~ 6 *' 

(see fig. 12, Plate II.;) or 

BC x CD x W 



189 I 



IcP. 



204. Rule. Multiply the rectangle of the segments into 
which the strained point divides the beam, in feet, by the 
weight in pounds, and divide this product by 139 times* the 
length in feet multiplied by the breadth in inches; the 
square root of the quotient will be the depth required in 
inches. 

The depth between the upper and lower side will be 7 * by 
the whole depth. Consult art. 41 and 43 respecting the 
form, &c. of beams of this kind. 

205. Example. Let C B, fig. 12, be 10 feet, and D C, C 
feet : and therefore B D the length, 16 feet ; and the weight 
to be supported at A, 20,000 lbs., the breadth of the beam 
being 2 inches ; required the depth ? 

By the rule 

10 x 6 x_20000_ 
189 x 16 x 2 

and the square root of 270 is 10^ inches nearly. 
Also, 

•7 x 16 5 = 11-55 inches 

= the depth from a to b in fig. 12. 

206. Case 3. When a load is distributed uniformly over 
the length of a beam. When the length is in feet, p= 7, and 
/=15,300fts., 

by art. 117 and 139. 

* lu practice it will be sufficiently accurate to use \4Q fot * oIiwjt. 
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207. Rule. Multiply the whole weight in pounds by the 
length in feet ; divide this product by 11 1G times the breadth 
in inches, and the square root of the quotient will be the depth 
in inches. 

Multiply this depth by - 7, which will give the depth 
between the upper and lower parts. Respecting the form of 
the beam, see art. 41, 

208. Example, It is required to support a wall, 20 feet 
in height, and IS inches in thickness, over an opening 20 feet 
wide, by means of two beams of cast iron, each three inches in 
thickness ; required the depth ? 

Suppose a cubic foot of brick-work to weigh 100 lbs.; 
then 

20 a 1*5 x 26 * 100 = 78000 ft* 

the weight of the wall. 
Therefore by the rule 



ii. 



rsoon . 28 

11X0 x 



303 nearlj ; 



and the square root of 303 is Vt\ inches, the depth 
required. 

The depth between the upper and lower parts is 



•7 x 17-5 = 12-25 inches. 

209. Case 4. When a beam is fixed at one end, and the 
load applied at the other. Also, when the load acts at. one 
end of a beam supported on a centre of motion. By art. 117 
we have, when the length is in fcct,p = , 7, and /= 15,30011)5., 

wi , „ 

— = 6 A 

131* 

210. Rule. Calculate by the rule to Case 1, art. 201, 
using 140 instead of 560 for a divisor. 

If the weight be uniformly distributed over the length of 
a beam fixed at one end, divide the weight by 2, and proceed 
as above directed. 
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DEFLEXION FROM CROSS STRAINS. 

211. Prop. vii. To determine a rule for finding the 
deflexion of a cast iron beam, when the section is rectangular, 
and uniform throughout the length ; the strain being 
15,300 lbs. upon a square inch. 

The same rules will apply to solid and hollow cylinders, to 
beams formed as figs. 9, 11, 12, and 26, when they are 
uniform throughout their length, and the depth used as a 
divisor is the greatest depth. 

212. Case 1. When a beam is supported at the ends, 
and loaded in the middle, as in fig. 1. 

By art. 121, 

2 * 1 1 

— — = the deflexion, 
3d 

when /=half the length ; therefore, 

3d x DA 



21* 



the greatest extension of an inch in length while the elastic 
force remains perfect. According to the experiment described 
in art. 56, the elastic force was perfect when the bar was 
loaded with 300 lbs. ; hence we have 

3 <f « D A 3 x 1 ,-16 1 . 00083 inch 



Si* 2 x 17* 1204 

=« the extension of an inch in length, by a force equal to 
15,300 lbs. upon a square inch; or generally, cast iron is 
extended part of its length by a force equal to 

15,300 lbs. upon a square inch. 

If this value of < be substituted in the equation, and / be 
made the whole length in feet, we have 

2 x -00088 x 12« x P 

sTTTd ;- DA ' or 

•01992 r- „ , 

-5 ; 
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hence it appears that the equation 

•02 P 
d 



DA 



may he used without sensible error. 

Consequently, the deflexion of an uniform rectangular beam 
supported at the ends may be determined by the following 
rule : 

213. Rule. Multiply the square of the length in feet by 
02 ; and this product divided by the depth in inches is equal 
to the deflexion in inches. 

2 14. Example. Required the deflexion in the middle of 
a beam 20 feet long, and 15 inches deep, when strained to 
the extent of its elastic force ? 

By the rule 



•02 h 2Q3 
15 



= -533 inch ; 



therefore a beam loaded as in example (art. 147), will bend 
more than half an inch in the middle. If it be wished to 
reduce it to a quarter of an inch, double the breadth. 

The deflexion of an uniform beam may also be found by 
Table II. art. & 

215. Case 2. When a uniform rectangular beam is 
supported at the ends, and the load is equally distributed 
over the length. It has been shown in art. 139, Equation 
viii., that in this case the strain at any point is as the 
rectangle of the segments into which that point divides the 
beam ; and the deflexion for that case is calculated by art. 
12G, Equation vii. And by comparing Equation ii. and vii. 

•025 t* 



•02 P 
d 



Therefore the deflexion D A 

•025 P 



m 



the middle of a beam 

uniformly loaded is — — g— . 

21 fi. Rule. Multiply the square of the length in feet by 
'025; and the quotient, from dividing this product by the 
depth in inches, will be the deflexion \u ftn m^d\e,\\\v&chcs. 
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217. Example. Let it be required to determine the 
deflexion that may be expected to take place in the example 
to Case 8, Prop. i. art. 152, where the length is 15 feet and 
the depth 12 J inches? 

By the rule 

15 x 15 x -025 . . 

M 

the deflexion required. 

218. This mode of calculation may often remove ground- 
less alarm, as well as inform us when a structure is dangerous ; 
for if a beam be loaded so as to bend more than is determined 
by the rule which applies to it, the structure may be justly 
deemed insecure. We also, by this mode of calculation, 
have an easy method of trying the goodness of a beam : for 
let it be loaded with any part, as for example £th of the 
weight it should bear, then the deflexion ought to be £th of 
the calculated deflexion. When a beam is tried by loading 
it with more than the weight it is intended to bear, it may be 
so strained as to break with the lossy weight, besides the 
difficulty and danger in trying such an experiment. 

' 219. Cage 3. When a beam is fixed upon a centre of 
motion, and the force applied at the other end, the flexure of 
the fixed part being insensible. The cranks of engines are in 
this case. 

The flexure will be the same as in Case 1, art. 212, but 
the length of the beam being only half the length in that 
case, we have 

- \^ s= D A the deflexion. 
a 

220. Case 4. If a uniform rectangular beam be fixed at 
one end, and the force be applied at the other, the deflexion 
of the end where the force is applied will be 

-j- x (1 + *•). 

For the deflexion from the extension of the projecting part 
of the beam is 2|L£ where / is the length of that part in feet ; 
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and if r be equal the Wh ot f xtd then, by Equation, iii, 
art. 133, 

221. Rule. Divide the length of the fixed part of the 
beaiu by the length of the part which yields to the force, and 
add I to the quotient; then multiply the square of the 
length in feet by the quotient so increased, and also by 'OS ; 
this product divided by the depth in inches will give the 
deflexion in inches. 

222. Example. Conceive a beam, A B, fig. 26, to be 
uniform, and to be the beam of a pumping engine, the end B 
working the pumps, and the end A where the power acts 
10 feet from the cent re -of motion, the end B 7 feet from the 
centre of motion, and the strain at B equal to the elastic force 
of the beam ; through how much space will the point A move 
before the beam transmits the whole power to B, the depth of 
the beam being; 12 inches? 

In this case, 

1- 7,amll * -7 = 1-7; 

therefore, 

1-7 x 10 » a 10, <i, l1lMm 

223. Prop. vm. To determine a rule for finding the 
deflexion of a cast iron beam, of uniform breadth, when the 
outline of the depth is a parabola, the strain being equal to 
15,300 lbs. per square inch. 

The same rules will apply to beams of the form of section 
shown in figs. 9 and 11, when the breadth is uniform. 

224. Case I. When a beam is supported at the ends, and 
the load is applied in the middle. 

The deflexion for this case is calculated in art. 123, 
Equation iv. ; and comparing it with the deflexion of a 
uniform beam we have 
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225. Rule. Multiply the square of the whole length of the 
beam in feet by 04 ; divide the product by the middle depth 
in inches, and the quotient will be the deflexion in inches. 

226. Example. Let the depth of a beam be 18 4 inches, 
and its length 20 feet, which is on the supposition that the 
beam, of which the depth is found by example to Case 1, 
Prop. v. art. 188, is parabolic. By the rule 

20 x 20 x 04 D „ . . 
j^— -87 inch, 

the deflexion required. 

If the beam were of uniform depth, the deflexion would be 
only half this quantity, or *435. 

227. Case 2. If a parabolic beam of uniform breadth be 
fixed at one end, and the force be applied at the other, the 
deflexion of the end where the force is applied will be 

18 p n ^ 



where / is the length of the part the force acts on in feet, and 
r «=» the quotient arising from dividing the length of the fixed 
part by the length /. 

228. Rule. Divide the length in feet of the fixed part of 
the beam by the length in feet of the part which yields to the 
force, and add 1 to the quotient. Then multiply the square 
of the length in feet by the quotient so increased, and also by 
•16 ; divide this product by the middle depth in inches, and 
the quotient will be the deflexion in inches. 

229. Example. Let A B, fig. 26, be the beam of a steam 
engine, the moving force acting at A, and the resistance at 
B, C being the centre of motion ; when A C = 12 feet, and 
C B = 10, and the depth in the middle 30 inches ; it is 
required to determine the space the point A bends through 
before the full action is exerted on B, the strain being equal 
to the elastic force of the material ? 
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Iii this case the length of the part C B, which may be 
considered as fixed, is 10 feet, and 



fore, 



!-J=S33, andl f -833 = 1-833; 
J2 « 12 * 1*833 *•!« 12x22 x -16 



30 



30 



1-408 inclic«. 



the deflexion of the point A. 

Eew people arc aware of the extent of flexure in the parts 
of engines, and particularly when they are executed in a 
material which has been considered as nearly inflexible. In 
a well contrived machine, the importance of making the parts 
capable of transmitting motion and power with precision 
and regularity must be so obvious, that it appeal's almost 
incredible how much the laws of resistance have been 
neglected. 

230. Prop. ix. To determine a rule for finding the 
deflexion of a cast iron beam of uniform breadth, when the 
depth at the end is only half the depth at the middle, the 
si rain being equal to 15,300 lbs. on a square inch. 

231. Case I. When a beam is supported at the ends, 
and the load is applied in the middle. By art. 127, 
Equation viii., 

D A the deflexion ; 



when this is compared with Equation ii. art. 121, we have 

■02^ 0327 F 



=D A the deflexion. 



232. Ride. Multiply the square of the length in feet by 
•0327, and the product divided by the depth in the middle in 
inches will give the deflexion in inches. 

233. Case 2. When a beam is fixed at one end, and the 
force is applied at the other. In this case 

•18 p „ 

— t~ (1 + t) - the deflexion. 
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234. Bide. Calculate the deflexion by the rule, art. 228, 
except changing the multiplier to "18 instead of 16. 

235. Prop. x. To determine a rule for finding the 
deflexion of a beam, generated by the revolution of a cubic 
parabola, the strain being equal to 15,300 lbs. on a square 
inch. 

The same rules will apply to any cases where the sections 
are similar figures, and the cube of the depth every where 
proportional to the leverage the force acts with. 

236. Case 1. When a beam is supported at the ends, and 
the load is applied in the middle. 

By art. 124, Equation v., 

< i^4-«=D A the deflexion : 
o d 

and comparing this with Equation ii. we have 

2 fi -02 1' -036 1= . _ . 

- : - : : — — : ; — = thc deflexion. 

3 5a a 

237. Rule. Substitute "036 in the place of 04 in the rule 
to Prop. vin. art. 225, and then calculate the deflexion by 
that rule. 

238. Case 2. When a beam is fixed at one end, and the 
force acts at the other. 

In this case 

144 1* . ... 

— -j— >=the deflexion. 

239. Rule. In the rule to Prop. vm. art. 228, use -144 
instead of 16 as a multiplier, and calculate the deflexion by 
that rule, so altered. 

240. Prop xi. To determine a rule for finding the 
deflexion of a cast iron beam, of uniform breadth, the depth 
being bounded by an ellipse ; the strain being equal to 
15,300 lbs on a square inch. 

If the Equations ii. and vi. be compared, it will be found 
that 

■s : '857 : :—r— : — -? — =the deflexion. 
o ad 
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241. Rule. The deflexion may be calculated by the rule to 
Prop. viii. art. 225, if the multiplier '0257 be employed 
instead of '04. 

242. Prop. xii. To determine a rule for the deflexion of 
a beam of uniform depth, when the breadth is bounded by a 
triangle, the strain upon a square inch being 15,300 lbs. 

From Equations ii. and iii. art. 121 and 122, we have 

- : 1 : ; — -r- : —r- = the iteflenou. 
3 a a 

243. Case I. When a beam IB supported at the ends, 
and loaded in the middle. 

244. Rule. Calculate by the rule to Prop. VHL art. 885, 
using '03 instead of "04 as a multiplier. 

245. Com 2. When a beam is supported at one end, and 
fixed at the other. 

In this case 

•12 I 3 

— r— = the deQexioo. 
<( 

24(5. Rule. Calculate the deflexion by the rule to Prop. 
Vin. art. 22S, using 12 as a multiplier instead nf 10. 

247. The rules derived from the twelve preceding pro- 
positions are applicable to any kind of material. For example, 
let it be required to adapt any one of the rules for oak : in 
the Alphabetical Table at the end of this Essay, art. Oak, it 
appears that oak is 025 as strong as cast iron ; therefore, in 
a rule for strength, multiply the constant number by - 25. 
Thus in the rules to Prop. i. Case 1, 

850 x 25 = 212 5, 

the number to be used in these rules when the material is oak. 

Again, oak is 2'S times as extensible as cast iron | conse- 
quently the deflexion being found for cast iron, 8*8 times that 
deflexion will be the deflexion of oak, when it is strained to 
the extent of its elastic power. 
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248. Definitions. The stiffness of a body is its resistance 
at a given deflexion. And the lateral stiffness is the stiffness 
to resist cross pressure. 

249. Prop. xm. To determine the stiffness of a uniform 
bar or beam, of which the section is a rectangle, when fixed at 
one end, to resist a weight at the other ; or supported in the 
middle on a centre to support a stress at each end. 

When a beam is strained to the extent of its elastic force, 
we have the weight it will bear, or 

fbd? 



w =- 



at 



(by art. 110,) and the deflexion under that strain will be 

2*1" 

(by art. 121 and 133, Equation iii.) Then, since the de- 
flexion is proportional to the strain, if a be the given de- 
flexion, and w the weight which produces it, we have 

fbd* fbd* a 

< 1+r 'T3~ :a:: ~6T~ :w = 4«p(i + *r 
and because ~ t =m, (art. 105,) we have 



If the length be in feet, then 



6912«,L»(l + r) _, 

am (ii.) 
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Now in cast iron 7;? = 18,400,000ms. • therefore 

2062 a 



{Hi.) 



Where L=thc length in feet, a the deflexion in inches, b and 
d the breadth and depth in inches, and w the weight in 
pounds ; and r=the length of the fixed part divided by L. 
When r— 1, the lengths are equal, and (1 +r)=2. 

250. If the lixctl part be of considerable bulk in respect 
to the other, wc may neglect its effect on the deflexion, and in 
that case 

-a t a 

■ id* 



■1U2 « 



(iv.) 



If in any of the preceding equations the breadth be 
diminished while the depth is uniform, the flexure will be 
increased ; and when the outline of the breadths becomes a 
triangle, this increase is half the deflexion of a beam of 
uniform breath ; or the deflexions with the same strain are, 
as 2 : 8 (art. 122). 

If the breadth be everywhere the same, but the beam be 
made the parabolic one of equal strength, then the deflexion 
will be twice as great as that of a beam of uniform depth 
(art. 123), and the general Equation iii. becomes 



1331 ■ 



If the breadth be everywhere the same, but the outlines 
of the depth be straight lines, and the depth at, either of the 
extremities half the depth at the point of greatest strain, 
then the deflexion is to that of a beam of uniform depth as 
1*635 : 1 (art. 127); and Equation iii. becomes 



»LM + r)_ M , 
1628 a 



I shall illustrate this proposition by examples of its appli- 
cation to beams of pumping engines, cranks, and wheels. 
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BEAMS FOR PUMPING ENGINES. 

251. Example. Let it be required to determine the 
breadth and depth of a beam for a pumping engine, its 
whole length being 24 feet, and the parts on each side of 
the centre of motion equal ; and the straining force 30,000fts., 
the. deflexion not to exceed 0*25 inch. 

First, on the supposition that the beam is to be uniform, 
then, by Equation iii., art. 249, 

w L 3 (1 + r) _ 3000C hj iUMl + 1) m b d , _ 1Mm 
2662 a 2662 x -25 

If the breadth be made 5 inches, the depth should be 31 5 
inches; for 

31-5'x 5-156279, 

which very little exceeds 155,790. 

But if the depth at the middle be double the depth at 
either end, use 1628 as a divisor instead of 2C62 ; and 
calculating by Equation vi. we find b ^=254,742, and if 
the breadth be 5 inches, the depth should be 37 inches. 



CRANKS. 

252. Example. If the force acting upon a crank be 
GOOOfbs., and its length be 3 feet, to determine its breadth 
and depth so that the deflexion may not exceed i^th of an 
inch. 

To this case, Equation iv., art. 250, applies, and 

JVVL_3 == 6000x^ = 653 == 6d , > 
2662 a 2662 x 1 

If the breadth be made 3 inches, the depth should be G 
inches, for the cube of 6 x 3=648. 

When the depth at the end where the force acts is half the 
depth at the axis, use 1C2S instead of 2662 for a divisor. 
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WHEELS. 

253. For wheels, if N be the number of arras, or radii, 
our equation should be 

WL ' =hd\ 

2602 N u 

254. Example 1. Let the greatest force acting at the 
circumference of a spur-weel be IGOOtbs., the radius of the 
wheel C feet, and number of arms 8 ; and let the deflexion 
not exceed ^ of an inch. 

Then by the Equation, art. 253, 

w ^ - tt»«f; . t i» = us. 

3a N u 2602 k 8 x -1 

If we make the breadth 2*5 inches, then 
1M 



25 



= 65-2 =<P : 



and the cube root of C,r2=4 0:3 iuclies, nearly, for the depth 
or dimension of each arm, in the direction of the force. 

When the depth at the rim is intended to be half that at 
the axis, use 1628 as a divisor instead of 2662 for a divisor. 

If a wheel be strained till the arms break, the fractures 
take place close to the axis ; there is a sensible strain at the 
part of the arm near the rim, but it is so small in respect to 
that at the axis, that its effect is neglected in our rule. 

Example 2. When the stress on the teeth is lOflOlbs. 
Suppose the wheel to be 4 feet radius, with 6 arms ; and 
that a flexure of r ths of an inch will not sensibly affect the 
action of the wheel-work. Also, let the arms be diminished 
in depth so as to be only half the depth at the rim of the 
wheel ; the breadth being fixed at 2 inches. 

By the Equation, art. 253, we have 



WL J 



1090 x64 



18 nearly = d\ 
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Bat the cube root of 18 is 2*62 inches ; consequently next 
the axis the arms should be 2 by 2 62, and at the rim 
2 by 181, in order that the play in applying the power may 
not exceed &ths of an inch. This rule gives the quantity 
of iron, with the rectangular section, but let it be disposed in 
the form of greatest strength consistent with that required 
for casting. 

Again, let the pinion to be moved by the preceding wheel 
have a radius of 7 5 foot, with four arms, and the breadth 
of the arm 2 inches ; the angular motion produced by the 
flexure being the same as above ; that is, if 

4 : -2 : : -75 : 0375 = a. 

Then, 

WL» _ 4WL S 
1628 6 a N ~~ 1628 b N x -2 * 

4 x 1090 x -56 _ , M _ rf3 
1628 x 2 x 4 x -2 

The cube root of 94 is 9S nearly, for the thickness of 
the arm at the axis. 

255. I think we may in most cases allow a flexure of ^ths 
of an inch for a wheel of 4 feet radius for the effect of the 
arms, and other ftths for the flexure of the shafts. In con- 
sequence, therefore, of such an arrangement, the strength of 
the arms will be expressed by a more simple equation ; as 
well as the strength of the shafts, to be treated in the section 
on Torsion. 

When the flexure is 2 for a radius of 4 feet, it is very 
nearly a quarter of a degree ; and with this degree of 
flexure, the arms of equal breadth, and the depth at the rim 
half the depth at the axis, we have 

81 N (vii.) 

Hence we have this practical rule. Multiply the stress at the 
pitch line in lbs. by the square of the radius in feet ; and 
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divide the product by 61 times the breadth multiplied by 
the number of arms ; and the cube root of the quotient will 
be the depth of the arm at the axis, and half this depth will 
be the depth at the rim. 

If the thickness of the rim be made equal to the thickness 
of the teeth, and the breadth be proportioned by the Table, 
art. 158, then the number of arms should be 1£ times the 
radius of the wheel in feet, divided by the square of the 
thickness of the teeth in inches, taken in the nearest whole 
numbers : it is usual to make an even number of arms ; but 
there does not appear to be any reason for adhering to this 
practice. Wheels are often broken in the rim by wedging 
them on to the shaft ; but the practice of fixing the wheels on 
by wedges has now given way to a much superior one, which 
consists in boring the eye truly cylindrical, and the shaft 
being turned to fit the eye, the wheel is retained in its place 
by a slip of iron, fitted into corresponding grooves in the 
shaft and in the eye of the wheel. 

250. Prop. xiv. To determine the stiffness of a uniform 
bar, or beam, supported at the ends, to resist a cross strain in 
the middle. 

If a beam be rectangular and uniform j thciij making a 
the greatest deflexion that it ought to assume, we have by 
Equation ii., art, 121, and art. 137, 



StM 2/6 d* . _ ifbd*a 



And as 



« (nil.) 

* By somo error of computation, Professor Leslie wakes this equation 

fl m 6 d 3 a 

■ — *S W. 

(Elements of Nat. Phil. vol. i. p. 23";) and, consequently, draws an erroneous mea- 
sure of tba modulus of elasticity from the experiments in art. 5 3 and B(J. The 
equation I have arrived at is the sarao as Dr. Yimng had previously determined, (see 
his Nat PhiloB. vol. iL art. 326,) 2 c in his equation be/mg — I in varae, and 2f=v>. 
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When L = the length in feet, then, 

w _ mb d*a 

4S2~L'" ' (ix.) 

This equation answers for any material of which the weight 
of the modulus of elasticity is known ; and this will be 
found in the Alphabetical Table at the end of this Work, for 
almost every kind of material in use. Its application to cast 
iron will be sufficient for an example. 

The weight of the modulus for cast iron is 18,400,000ft>s., 
and, dividing this number by 432, we have for cast iron 

_ 12600 bd*a 

L' (x.) 

257. If a = ~ of an inch, or the deflexion be as many 

fortieths of an inch as there are feet in the length of the 
beam ; then the equation will be 

_ 1065 b tf 3 . 

which was made 

001 »L S = bd 3 

to calculate the Table, art. 5. (**•) 
When the deflexion is only as many lOOths of an inch as 
the beam is feet in length, a deflexion which should not be 
greatly exceeded in shafts, on account of the irregular wear 
on their gudgeons and bearings when the flexure is greater, 
then 

426 b d» 

L- ' (rii.) 

If the load be uniformly distributed over the length of a 
uniform rectangular beam; then from art. 120 and 139, the 
dimensions being all in inches, we have 

llll- a - 4fhd '' w - 82 / 6d3g 
24 d ' " S< ' " St I* 

And since 

/ 32 m b d 1 a 

m = ~; to =» . . ... . 
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Ill the same maimer, if the thickness of metal be jtli of 
the diameter, multiply by TOuG. 

And if the thickness of metal be / ths of the diameter, 
multiply by 1 07. 

The weight a hollow cylinder will sustain when the thick- 
ness of metal is exactly &th of the diameter, is 8 7 the 
weight a solid cylinder of the same external diameter would 
sustain with the same pressure ; for (1 — «*) ='87. And its 
stiffness is to that of a square prism of the same depth as 1 
is to 2, nearly. 

260. Example. Required the diameter of a solid cylin- 
drical shaft, 21 feet in length, that would not be deflected 
more thnn half an inch by a weight of 31 cwt., or 34721bs. 3 
applied in the middle. 

By Equation xv., art. 258, 

« L ' = »*»*«'. i* = 2572, or.? = 712 iuch*. 
2500U <( 2SUO0 x -5 

the diameter required. 

261, Example. Required the diameter of a hollow shaft, 
21 feet in length, the interior diameter ^fhs of the exh riui 
one, that would not be deflected more than half an inch by 
a load of 3472lbs. applied in the middle of the length ? 

Find the diameter of the solid cylinder, as in the preced- 
ing example, and multiply it by 1-07 (see art. 259). That 
is, 

712 « 107 = 7 52 inches, 



the diameter required ; the thickness of metal will be 2 - ths 
of the diameter. 
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262. Definition. The resistance which a shaft or axis 
offers to a force applied to twist it round is called the 
resistance to Torsion. 

263. If a rectangular plate be supported at the corners A 
and B, fig. 29, Plate IV., and a weight he suspended from 
each of the other corners C D, then the strains produced by 
loading it in this manner will be similar to the twisting strain 
which occurs in shafts, and the like. In a cast iron phitc the 
fractures would take place in the directions A B and C D al 
the same time ; but, before the fracture, the one of the strains 
would serve as a fulcrum for the other ; and the resistance to 
the forces at C and D would be sensibly the same as if the 
plate were supported upon a continued fulcrum in the direc- 
tion A B. 

Hence the strain may be considered a cross strain of the 
same nature as has been investigated in art. 108, and </D or 
c C the leverage the force at D or C acts with, the breadth of 
the strained section being A B. 

To find the breadth of the section of fracture, and the 
leverage in terms of the length and breadth of the plate, vre 
have A B, the breadth, and by similar triangles, 



A D » B D 
A B 



m V d the levpmjjo. 
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These values of the leverage and breadth being substituted in 
the Equation, art. 110, it becomes 



or because 
we have 



/BtP ^ /tPxABxAB 
W ~ 61 " tx ADuBD ' 



W = 



ftP BJF + AJ)' 
6 * ADxBL) ' 



264. 13ut when a force acts upon a shaft, it is usually at 
the circumference of a wheel upon that shaft, and if R be the 
radius of the wheel, then 

a K w 



B 1) 



the force collected at the surface of the shaft ; and therefore, 
substituting this in the place of W, in the Equation above, 
we have 

2RW ftP B D 2 ♦ A D : 



D D 



or, W = 



6 AD<BD' 
/ d 3 B D : + A II- 



19 B 



A U 



If the length A I) be / feet, and the leverage R be in feet. ; 
then for cast iron / = 15,300 lbs., and we have 



Hi 



= W, 



(i.) 



there - 



But this equation has a minimum value when I — ^ 
fore the resistance will be the same whatever the length may 
be, provided the length be not less than the breadth. Con- 
sequently, whenever the length exceeds the breadth, we have 



r : 



(»■) 



* In malleable iron the equation will be 
238 d 3 h 



R 



= W ! for 212 4 > V\1 - SK. 
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But when b is to d in a less ratio than i 1 the shaft 
will not bear so great a strain, and it will bear least when its 
section is exactly square. 

265. When a shaft is square, and its length / in feet, its 
side d in inches, and the leverage R in feet, then, from Equa- 
tion, art. 112, we obtain 

And when / = 16,300 lbs.. 

In a square shaft also the resistance has a minimum value ; 
that is, when V72 1 = d \ hence, whenever the length is 
greater than the diagonal of the section, the strength will be 

150 cf ... 

Where R is the radius of the wheel in feet to which the 
power W in pounds is to be applied, and d is the side of the 
shaft or axis in inches. 

2G(J. In a cylindrical shaft, the section of fracture is an 
ellipse, and when / and R are in feet, and f— 15,300, d 
being the diameter of the shaft in inches, we have by art. 114, 

w = ^*<<F + u«f). " (v) 

2C7. Here again it may be shown, by the principles of 
maxima and minima, that there is a particular line of fracture 
where the resistance to torsion is a minimum ; in a cylindrical 
body this happens when 12 /= d; that is, when the length 
is equal to the diameter. 

Consequently, in all cases where the length exceeds the 



* la malleable iron shafts the oquntion will be 

R 
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diameter, the Equation in art. 2CG should be applied in the 
form 

124-8 tP _ 

~g— ■ W.« (,L) 

As the equation reduces to this form by substituting » for /. 

2C8. In the same manner it may be shown that iti a tube 
or hollow cylinder of which the length is greater than the 
diameter, the resistance to torsion is expressed by the 
equation 

124-8 oP(l-n«) 



B 



= W. (vii.) 



Where d is the exterior diameter in inches, and n d the 
interior diameter. 

It will be a good proportion in practice to make // -> 6 ; 
then the rule becomes 

—jf" "V, (ML) 

Where d is the exterior diameter in inches, and the thickness 
of metal is exactly |th of the diameter; R, as before, being 
the radius of the wheel in feet, to the circumference of which 
the power W in lbs. is appbed. 

269. Example. Let it be required to find the diameter of 
a shaft for a water-wheel, the radius of the water-wheel 1) 
feet, and the greatest force that it will be exposed to at the 
circumference, 2000 lbs. 

If the shaft is to be a solid cylinder, then the diameter will 
be found by Equation vi. art. 207 ; that is, 
w n 2000 x » 



124 S 124-8 



■m 144-2 = (P. 



And the cube root of 144-2 is 5 J inches, the diameter 
required. 

If the shaft is to be a hollow cylinder, Equation viii. will 
apply, where 

• For malleable iron make- 140 &* 

77 — VV. 
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W R 2000 M 9 



108 108 



■ = 166-7 = «f». 



And the cube root of 166 "7 is 5f inches the diameter, when 
the thickness of metal is \t\i of this diameter. 

270. But the lateral stress on a shaft will always be greater 
than the twisting force, when the length of the shaft exceeds 
\th of the radius of the wheel ; yet the preceding equations 
will often be of use in calculating the strength of journals,* 
and these calculations should be made by Equation vi. in the 
same manner as in the example in the preceding article ; only 
as an allowance for wear the diameter should be -£th greater 
than is given by the rules. 

271. The preceding investigation has been confined to the 
strength to resist twisting, but in shafts of great length, in 
respect to their diameters, the effect of flexure is considerable. 

Let t be the extension the material will bear without 
injury when the length is unity. This extension must 
obviously limit the movement of torsion, or the angle of 
torsion. But, since the line of greatest, strain, in a bar of 
greater length thau its diameter, is always in the direction of 
the diagonal of a square ; if a square were drawn on the 
surface of the bar in its natural state, it would become a 
rhombus by the action of the straining force, and the quantity 
of angular motion would be nearly \/'2 times the extension of 
the diagonal ; or twice the extension of the length of the bar. 
For if a line were wound round the bar at an angle of 45° 
with the axis, its length would be / s/H-, / being the length 
of the bar in feet. Therefore, / e \/2 = the extension, and 
2 / e the arc described in feet, or 24 / e = the arc in inches. 

But if a be the number of degrees in an arc, and | its radius ; 

•0174533 being the length of an arc of one degree when its 
radius is unity ; we have 



' A journal is different from n iruJgeou only in being exposed to a considerable 
twisting strain. 
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24 f • = — * -0174538 ; or 

That is, the angle of torsion a is as the length and exten- 
sibility of the body directly, and inversely as the diameter. 

If the value of e he taken for cast iron, that 18, = ^, we 

have 

22*! = t« («o 

d 

Here I is the length of the shaft or other body in feet; d its 
diameter in inches, and a the angle of torsion in degrees of a 
circle. 

Example. Thus, let the vertical shaft of a mill bo 30 feet 
in length, and the diameter 10 inches; then, when it is 
strained to the extent of its clastic force, 

2 284 x 30 , i 
iu - <}j degrees nearly. 

In certain cases this degree of twisting may be of considerable 
advantage in preventing the shocks incidental to machines 
moved by wind, horses, or other irregular powers; but in 
other cases it will be a disadvantage, because the motion will 
neither be so accurate, nor so certain to produce the desired 
effect. 

272. Since the angle of torsion is as the extension, it will 
be as the straining force; and to estimate the stiffness of a 
body to resist torsion, we have this analogy when the body 
is a hollow cylinder; from Equation vii. and ix. of this 
section, 

2750/ 1 , 1243 d" (1— K«) . w _ I24'8 rf*g (1— n 4 ) 
4 a" «S0 Kft 

Or more generally, 

i. L , ■ i ^ * MHI 

• la malleable iron, t = therefore. — jr— ■" a. 
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338600 R/« 



And if m be the weight of the modulus of elasticity (art. 105,) 



" 336(>00 / R 



When n=-o the equation applies to a solid cylinder. 

When a shaft is rectangular, the analogy from Equation ii. 
and ix, becomes 



8750 I, _ 212-4 <F b 



■6 ^ 212-4 e*>o» a 

_ — : w = — ; or 

R 2750 Hit 



=w. 



198900 Rf 

We have now to show the application of these equations, and 
to form practical rules from them. The value of m for cast 
iron is, 18,400,000 lbs. ; consequently Equation xi. applied 
to cast iron is 



55rf«a( l -n') _ w . 



And equation xii. gives 



92-5 tP 6' a 
IR 



= W.t 



PRACTICAL RULES AND EXAMPLES FOR THE STIFFNESS OF 
CYLINDRICAL SHAFTS TO RESIST TORSION. 

273. In practical cases there will be known the length of 
the shaft, the power, and the leverage the power acts with ; 
and there must be fixed; by the person who applies the rule, 
the number of degrees of torsion that will not affect the action 
of the machine ; this being settled, the diameter of the shaft 
will be determined by the rule. 



* la malleable iron, 
t In malleable iron, 



74 d*a(l - n*) 
R 

124 rf'ft'o 



W. 



<1< 



W. 
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Rule 1. To determine the diameter of a solid cylinder to 
resist torsion, with a given flexure. 

Multiply tlte power in pounds by the length of the shaft in 
feet, and by the leverage in feet. Divide this product by 
55 times the number of degrees in the angle of torsion, which 
is considered best for the action of the machine ; and the 
fourth root of the quotient will be the diameter of the shaft. 

Example. Let it be required to find the diameter for a series 
of lying shafts 30 feet in length to transmit a power equal to 
4000 lbs. acting at the circumference of a wheel of 2 feet 
radius, so that the twist of the shafts on the application of the 
power may not exceed one degree ? 

Here the whole length must be taken as if it were one 
shaft, and by the rule, 



4000 *ao xj 
fffix 1 



= 1301, 



and by a Table of powers,* the fourth root is found to be 
8" 13 inches, the diameter required. 

If the machinery be required to act with much precision, 
this will be as much flexure as can be allowed; but in 
ordinary cases two degrees might be admitted, and then a 
little less than 7 inches would be the diameter. 

Where there is much wheel- work, the flexures should be 
less ; indeed it does not appear to be desirable to exceed a 
quarter of a degree for the shafts or axes. 

274. Rule 2. To determine the diameter of a hollow 
cylinder to resist torsion, when the thickness of metal is £th 
of the diameter, and the flexure given. 

Multiply the power in pounds by the length of the shaft in 
feet, and by the leverage the power acts with in feet. Divide 
the product by 48 times the angle of flexure in degrees j the 
fourth root of the quotient will be the diameter required in 
inches. 

* See Barlow' b Mathem&tkaiTfcUw.'UUeYtt. 
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Example. Let the diameter of a hollow shaft be deter- 
mined, so that it may be sufficient to withstand a force of 
800 lbs. acting at the circumference of a wheel of 4 feet radius 
with a flexure of one degree ; the thickness of metal to be |th 
of the diameter, and the length 10 feet. 

In this case 

800* 10x4 = 666 . 6 

and the fourth root of 6GG-6 is 51 inches nearly ; which is 
the diameter required. 



PRACTICAL ROLE AND EXAMPLE FOR THE STIFFNESS OF 
SQUARE SHAFTS TO RESIST TORSION. 

275. Rules for square shafts are applications of Equation 
xiv. ; and the same things are kcown as in the case of cylin- 
drical shafts. 

Rule. To determine the side of a square shaft to resist 
torsion with a given flexure. 

Multiply the power in pounds by the leverage it acts with 
in feet, and also by the length of the shaft in feet. Divide 
this product by 0"2'5 times the angle of flexure in degrees, 
and the square root of the quotient will be the area of the 
shaft in inches. 

Example. Suppose the length of a shaft is to be 12 feet, 
and it is to be driven by a power of 700 lbs. acting on a 
pinion, on the shaft, of 1 foot radius to the pitch line, and 
that a flexure of 1 degree will not affect the machinery. 

By the rule, 



The square root of UO-8 is 9 53, the area of the section in 
inches; and the square root of 9' 53 is 31 inches nearly, for 
the side of the shaft. 

The reader may find further information on the torsion of 



174 



RESISTANCE TO TORSION. 



[bxct. IX. 



wires, and the laws of the oscillation of the torsion balance, in 
Dr. Young's Lectures on Nat. Philos. vol. i. pp. 140, 141 ; 
Dr. Brewster's Edinburgh Encyclopaedia, art. Mechanics, 
p. 544 to 549 ; Dr. Brewster's edition of Ferguson's Lectures, 
vol. ii. p. 234 ; or Professor Leslie's Elements of Nat. Philos. 
vol. i. p. 243. 
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OP THE STRENGTH OF COLUMNS, PILLARS, OR OTHER SUPPORTS 
COMPRESSED, OR EXTENDED, IN THE DIRECTION OF THEIR 
LENGTH. 

♦ 

276. If the length of a column be considerable with respect 
to its diameter, under a certain force it will bend ; but when 
it becomes too short to bend, its strength is only limited by 
the force which would crush it. Considering, however, that 
it is imprudent to load even a short column beyond its elastic 
force, an inquiry respecting the phenomena of crushing would 
lead to nothing useful. 

Let A A' be a column, fig. 30, supported at A', and sup- 
porting a load at A ; and let this load have produced its full 
effect in straining the column. Let E be the neutral axis, 
B and D the centres of resistance, and A F the direction of 
the straining force. Draw dD parallel to A F, then, by the 
principles of statics, we have 

dD : D A : : W (tho weight) : W rf p A - 

the compressive force in the direction A D. Also, 

_ . . _ W. D A W. A F 

DA:AP:: -dD~ : -3iT = 

the vertical pressure at D. 
But, by similar triangles, 

BF. rfD 



RD : BF: : dD.: AF > 



BD 
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therefore 

w. a F w,bf 



BD 



[SLLT. X. 



277. In a similar manner it may be proved that the strain 
at B is expressed by 



W.BF -BD 
B D 



(ii.) 



Where it is obvious that when BD=BF this strain is 
nothing ; that is, when the direction of the straining force 
passes through the point D, or the neutral axis coincides with 
the surface of the block. It also may be observed, that when 
B P exceeds B D, this strain is expressed by a positive 
quantity, indicating extension ; but when B F is less than 
B D it is negative, indicating that it is a resistance to com- 
pression. If B F = ^ B D, then both points arc equally 
compressed. 

The force has been supposed to be perpendicular to the 
plane of section for which the strains have been calculated, 
but this is not essential to the investigation -, it is only the 
most usual strain on columns and ties. For instead of the 
force acting in the direction AF, let the force act in the 
direction AG; and let the angle FAG be denoted by C. 
Then, the investigation being resumed, we shall find Equa- 
tion i. will become 



+ A Rjiu. C) W. coa . C 
BD 



■ stress at D. 



And, 



( B P + A F. ftiu. C-ItD) W. i-oa. C 
13 D 



- strcta at D. 



(iv.) 



But when the force acts in an oblique direction, a further stay 
is required to prevent the pillar overturning ; and wherever 
this stay is placed there the greatest strain would be in a 
straight pillar. If it be stayed at D F, then the stay placed 
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there becomes a point of support; and the action of the 
forces on the beam are similar to those already considered in 
fig. 14, Plate II. But it was remarked in a note to art. 10S, 
that the mode of calculation there given is not correct when 
the beam is not nearly horizontal ; the difference is owing to 
a change of the position of the neutral axis caused by the 
oblique direction of the force. The position of that axis, and 
the strength of the section, we will now proceed to calculate, 
and to develope the changes produced by altering the direc- 
tion of the straining force. 

278. It may be shown that the resistance of the section, 
on either side of the neutral axis, is equal to the force of a 
square inch multiplied by the area of that section and by the 
distance of the centre of gravity from the neutral axis, and 
divided by the distance of the compressed surface from the 
neutral axis, when B or U is the centre of percussion of the 
section.* 

279. Let be the distance of the neutral axis from the 
middle of the depth ; y — E G the distance of the direction 
A fi of the straining force from the middle of the depth ; 
d = the depth, b = the breadth, and / the resistance of a 
square inch ; then the area of the compressed part of the 
section will be {), d + ,v) h, mid the extended part of the section 
{\ d Therefore, if n (\ d+ ar) and n </— x) be the 
distances of the centres of percussion from the neutral axis, 
and m d + ,r) and m {\d — ./') the distances of the centres 
of gravity, we shall have • 

W. B g cow. i,t / b(\d - x)' _ W. (B G — BP) co«. C 
B L> * {\d + x) ™ BD 

mfb{\d + x)r 

{id + .r) • or 
B G x [id— .r)- = (B O - B D) y ((,d + rr>'- ; 



• Emcrson'o Mechanic*, lfo> edit Prop, lxxyit. 
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and when the proper substitutions are made, this equation 
reduces to 

280. In a rectangular section n = \, and consequently we 
find by the preceding equation 



12.'/' 



Also, since in this case M = \, we have an equilibrium 
between the compressing force and the resistance to com- 
pression, when 



W. B G. con. C /*... , 



and substituting for 13 G, BD, and their proper values, 
this equation becomes 

fbd* 



W = 



{d + 6 jfj com. C " (»•} 
I 



But if B F be denoted by a ; and £ mm A P, whence F G 
will be = 



and therefore, 



A F. am. C _ I tin. C 
cos. C. 2 cos. C! 



I sin. C 



* It ia shown that 

/ sin. C - , , _ 

* = fl + 2^Tc = a + i?Un - C; 

hence tlio distance of tbo neutral nxia from the axis of the column ia 

" " 12 (a + 4lt«>-C) ; 

anil Uiew axes must coincMc when C ia an nuglo of DO", tlint i?, when the direction 
of the force is perpendicular to the axis of tho column ; but not in any Other caflo. 
For when C = 90% the tw. is unlimited ; ami consequently tho fraction which 
represents _r is incomparably WtMt% or the ttica co'uiti&o. 
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Consequently, 

fbd* = fbd- _ 

(d + 6y)coB.C rS dooe.C; + 6o.cofcC. + 3iaiD.C " ' (**•) 

This equation will enable us to trace the particular con- 
ditions of this important problem. 

In the first place, if the points E and A be in a line 
perpendicular to B G, then a =o, and the equation is 

d.*M.C + SJlUIl.C ' (tiL) 

Secondly, if the force act in a direction parallel to B G, 

then C = 90 degrees j and sin. C = 1, and cos. C = o, and 
Equation vi. becomes 

3 -w (via.) 

We have in this case the same equation as in art. 110, for in 
this instance / is double the length taken in that equation. 

Thirdly, if the force act in a direction perpendicular to B G, 
then cos. C=l, and sin. C = o, and consequently Equation vi. 
becomes 

Fourthly, when a=o, or the direction of the force coincides 
with the axis E, then 

fbd = Vt. (x.) 

And, fifthly, if a = half the depth of the block, then 




(xi.) 



The Equations ix., x., and xi., npply to short columns, or 
blocks, of which the length is not more than ten or twelve 
times the least dimension of the section ; and from them are 
derived the following practical rules •. 
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TO FIND THE AREA OF A SHORT RECTANGULAR COLUMN OR 
BLOCK TO RESIST A GIVEN PRESSURE. 

881, Rule. When the force is to be applied exactly in 
the axis or centre of the section of the block, divide the 
pressure or the weight in pounds by 15,300, and the quotient 
will be the area of the section of the block in inches. But 
since this requires a degree of precision in adjusting the 
direction of the force which it is altogether impossible to 
arrive at in practice, and when a force presses a block of 
which a a is the axis, rig. 31, Plate IV., it is always probable 
that the direction A A' of the force may act upon one edge 
only of the end of the block, and therefore be at a distance 
of half the least thickness from the axis j which will reduce 
the resistance of the block to Jth, and consequently the area 
should always be made four times as great as is determined 
by this rule. 

When the distance of the direction of the force from the 
axis is determined by the nature of the construct ion, the 
following is a general rule. 

282. Ride. To the thickness (or least dimension of the 
section) in inches, add six times the distance of the direction 
of the force from the axis in inches, and let this sum be 
multiplied by the weight or pressure in pounds ; divide the 
quotient by 15,300 times the square of the least thickness 
in inches, and the quotient will be the breadth of the block 
in inches. 

This rule is the Equation ix., art. 280, in words at length, 
and it applies to resistance to tension as well as to resistance 
to compression. 

283. The writer of the article 4 Bridge,' in the Supple- 
ment to the Encycl. Brit., has shown that when the force 
acts in the direction of the diagonal of the block, as is 
shown in fig. 32, the strain will be twice as great as when 
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the same force acts in the direction of the axis.* Now the 
reader will be satisfied, that, in consequence of settlements, 
or other causes, a column is always liable to be strained in 
this manner ; and therefore will carefully avoid enlarging the 
ends of his columns, under the notion of gnining stability, 
for the effect of. the straining force will be still more in- 
creased by such enlargement in the event of a change of 
direction from settlement, as in fig. 33. In my ' Treatise on 
Carpentry,' I have recommended circular abutting joints to 
lessen the effect of a partial change in the position of the 
strained pieces,! on idea which appears to have occurred, in 
the first instance, to Serlio.J 

284. A general solution of the equation expressing the 
stress and strain, when the column is cylindrical, is compli- 
cated, but in one particular case the residt is extremely 
simple; that is, when the neutral axis is in one of the 
surfaces of the column. If d be the diameter of the column, 
then '7S54 d* = the area, and \d = the distance of the 
centre of gravity, and therefore 

W. BG.M8.C _ "7854 d'-f 
BD 2 

But when the neutral axis is in the surface of the cylinder, 

BO---BD,„W = 4^. 

2 cuf. C 

In this case the distance of the direction of the force from 
the axis of the column will be l(h of the diameter, the centre 
of percussion being f d distant from the neutral axis. 

2S5. Hence it appears, that when the distance of the 
direction of the force from the axis is \ d, the strength of a 
cylinder is to that of a circumscribed square prism, as seven 



• Napier's Supp. to Enoycl. Brit , art. 1 Bridge," Prop. f. p. 4&9. 
t Trcdgold'B Elementary Prin. Carpentry, Sect. IX. p. 164. 
J Swlio's Architecture, Lib. I. p. 13. Pnris, 1515. 
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times the area of the cylinder, to eight times the area of the 
prism; or nearly as 5 5 : 8, or as 1 : 146 nearly. 

When the neutral axes are at or near the axes of the 
pieces, the ratio of the strength of the cylinder to that of the 
prism becomes 

1 : l.oroal : l - 7. 

as has been shown by Dr. T. Young ; * consequently in a 
column, when both the resistances to compression and exten- 
sion are brought into action, the ratio varies between 1 : 1*48 
and 1 : 1*7 ; the mean being nearly 1 : 16. 



OF THE STRENGTH 01' LONG PILLARS AND COLUMNS. 

286. If a support be compressed in the direction of its 
length, and the deflexion be sufficient to sensibly increase 
the distance of the direction of the force from the axis, in 
the middle of the length of the support, it is evident that 
the strain will be increased; and since the curvature in 
practical cases will be very small, we may suppose it to be an 
arc of a circle. In a circle the square of the length of the 
chord, in a small segment, is sensibly equal to the radius x S 
times the versed sine ; or 4-r = radius. The deflexion will 

be greatest when the neutral axis coincides with the axis, and 
taking this extreme case, we shall have this analogy ; — as the 
alteration of the length of the concave side is to the original 
length, so is the § depth to the radius of curvature ; or, 

ft 3 . d 

Therefore 

i-i = ; and & = -- the deflexion in the middle 
an 2 * 4 (£ 



Dr. Voung'g Lectures on Nat, ShUt* <mL u, art. 339, B, 



■CT. X.] RESISTANCE TO COMPRESSION AND TENSION. 



188 



287. Let the distance of the direction of the force from 
the axis, when first applied, be denoted by a, as in a pre- 
ceding article (art. 280); then, in consequence of the 
flexure, it will be equal to 



. 11 « 
a + Td ; 



consequently by Equation ix., we have 



fbd> 



= w. 



* + ••+"• ' (xiL) 
id 

In cast iron /«= 15,300fl)s. and e — — (art. 143 and 

212) ; therefore, if I be the length in feet, b t d, and a in 
inches, we obtain the following practical formula, for the 
strength of a rectangular prism, viz. 

lSS00 6<f» 15300 6 <*» 

d 

288. If a — o, or the direction of the force coincides 
with the axis, then the rule becomes 

15800 bd*_ 

■P? 187' - w - (xiT ) 

It would, however, be improper in practice to calculate 
upon the nice adjustment of the direction of the pressure in 
the direction of the axis, which is supposed in the preceding 
equation ; indeed, there are very few instances where its 
direction may not in all probability be at the distance of half 
the depth from the axis, and in that case a = \ d, and 



* For malleable iron, 



17800 b d* _ w 



d 1 + 6 da + -16/* 



For oak. 



mobd* 

d'+ida + 6/* 
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15S00 6<i» . 

= W> (xt.) 



4 d 3 + -18 



280. As an approximate rule for the strength of a cylinder 
to resist compression in the direction of its length, we have 

15 300 d* 95C2 i* 

R (d- + -18 1') d* + OBp ' 

£90. And if the direction of the force be a inches distant 
from the axis, the rule is 

If the force act in the direction of one of the surfaces of 
the column, then a = ^ d t and 

9m d* ' ... 

By this rule the Table of colurnus (Table III. p. 26,) was 
calculated, only the weight is there given in cwts. 

In all the rules from Equation xiii. to xviii. / is the length, 
A A', fig. 31, Plate IV., in feet, d either the diameter or the 
least side in inches, b the greater side in inches, and W the 
weight to be supported in fts. 

291'. Example ] . Required the weight that could be sup- 
ported, with safety, by a cylindrical column, the length being 



* In m illeable iron, 



Iu oak. 



t In nwllonblc irou, 



In ouk, 



17800 U &» 



4 d*+-W? 



3»80 bd* _ 

d - +"-5 r"~ * 



14125 d* _ 

id'+-ui*~ 



2470 d* _ w 

d*T'5P ~ Wl 
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1 1 feet, and the diameter 5 inches, and supposing it probable 
that the force may act in the direction A A', fig. 31 , at the 
distance of half the diameter from the axis ? 

In this example Equation xviii., art. 290, should be used ; 
and therefore 

or a little above 22 tons. 

In this manner may be calculated the streugth of story- 
posts for supporting buildings. When they are for houses, 
ample allowance should be made for the weight of crowded 
rooms, and when for warehouses the greatest possible weight 
of goods should be estimated. 

292. Example 2. It is proposed to determine the com- 
pression a curved rib will sustain in the direction of its chord; 
the greatest distance of the axis of the rib from the chord 
line being G inches, the size of the rib 3 inches square, and 
the length of the chord line 5 feet. 

By Equation xiii., art. 287, 

16300 j 15800 x 3* iQBOOIh 

Ed'ampli' 3. The piston-rod of a double-acting steam 
engine is another interesting case to which these equations 
will apply ; and the reader will excuse my having recourse 
to algebraic notation in order to make the rule general. 

Let D be the diameter of the steam cylinder in inches, 
nnd p the greatest, pressure of the steam on a circular inch 
of the piston in tbs. Then W — D 2 jd. 

But it has been shown in a note to art. 290, that in mal- 
leable iron 

id' + 



Therefore, 
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• 11125 d« 

D' p » ; or 



V jt> (d* + 04 1') 

Now in an extreme case we can never have the length in 
feet greater than about three times the diameter in inches j 
substitute this value of /, and we have 

58 

If the pressure lie Sfts. on the circular inch, that is, a 

little more than lOtbs. on the square inch, it gives =-• d. 

That is, the piston-rod should never be less than 1 '- 3 th of the 
diameter of the cylinder in a double-acting steam engine. 
In practice it is usuul to make them r ^th, which docs not 
appear to be too great an excess of strength to aUow for 
wear. 



OP TUE STRENGTH OV HAHS AN I) RODS TO RESIST TENSION. 

293- When the effect of flexure is considered in bars to 
resist tension, it makes an important difference. Instead of k 
the strength being diminished by flexure, it cither has no 
effect, or has a directly contrary effect. Hence in all works 
executed in metals the tensile force of the materials should be 
employed in preference to any other, except the bulk be con- 
siderable in respect to the length. In wood we cannot employ 
a tensile force to much advantage, because it is difficult to 
form connexions at the extremities of sufficient firmness, but 
in metals this creates no difficulty. 

If a bar or rod be short, its resistance may be computed 
by the rules, art. 281 and 282. 

But when it is long, and the bar is either curved, or the 
force is not in the direction of the axis, then the effect of 
flexure may he considered. 
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The Equation ix., art. 280, will be applicable to all cases 
where the direction of the force is parallel to the extremities 
of the bar, that is, 

The flexure is found to be = £j = when I is the 

length in feet, and e = ^ Qi . But this flexure is to be 
deducted from the distance from the axis. Hence 

15300 6 dt i= w- <*.) 



. d' + 6 ad- -IBP 



When the direction of the force is at the distance of half 
the least side from the axis, then a = d, and 

lC300 6rf» 

4*-18<*- W * (XX ° 

And when the direction of the force coincides with the axis, 

15300 6 d = W. (xxL) 

When the bar is a cylinder, its strength is to that of a 
square bar as 1 : l'C nearly (art. 285) ; hence, 

9582 d* _ . .. , 

* + «.d-18l« " W - ^ 

Or, when the force is in one of the surfaces of the rod, 

9562 d* ,_. . ... 

4rf*--*8T' =t *' « 

It was desirable to show what constituted the advantage of 
a tensile strain, but I do not intend to adopt these equations 

* In malleable iron, 

17800 b d* w 

d*+6 ad -'16 1* 



bode, 

3960 6 d* 



rf* + 8 a d - 6 1 1 



= W. 
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in practical rules, because they are not so simple and easily 
applied as the rules already given in art. 281 and 282, which 
will only err a small quantity in excess, when proper care has 
been taken to take the greatest possible deviation of the 
straining force from the axis of the piece. 

Examjdp 1. Required the weight that may be suspended 
by a bar of cast iron of 4 inches by S inches ; under the sup- 
position that the direction of the strain will he in one of the 
wide surfaces of the bar? Equation xviii. of this art. 
applies to this case, wherein a is equal 2 inches, or half the 
least dimension of the bar, that being the distance the 
direction of the force is supposed to be from the axis j and 
therefore 

ST- " — ^ r„ = 122400 It-. 

the weight required. See the rule in words at art. 282. 

When it is considered that a very small degree of inac- 
curacy in fitting the connexion may throw the strain all on 
one side of the bar, the prudence of following this mode of 
calculation will be apparent. 

livaniplc 2. It is proposed to determine the area that 
>^liould be given to the bars of a suspension bridge, if made 
of cast iron, for a span of 370 feet ; the points of suspension 
being 30 feet above the lowest point of the curve; and the 
greatest load, including the weight of the bridge itself, 
500 tons. 

The load being nearly uniformly distributed, the curve 
assumed by the chains will not sensibly differ from a para- 
bola;* and half the weight will be to the tension at the 
lower point of the curve, as the rise is to \\\ of the span ; 
that is, 

. . 37" COO 000 x $70 „, 

30; ^ :: 1^ : ^^T■H^ =7 ' lM,,l8 ■ 



• See Elementary Principles of Carpentry, art. 5". 
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This is equal to 1,727,040 lbs., and by the rule art. 281, 
we have 

1727010 
15o00 =H5 square liicbcii 

for the area of the bars, supposing the stress to be directly 
in the axis of each ; and if we double this area it will provide 
for a deviation equal to Jth of the diameter of each bar. 
This will be a sufficient excess of force, considering the great 
chance of its ever being covered with people, which is the 
load I have estimated. Hence the sum of the areas of the 
chains at the lowest point should be 230 square inches. 
The area at any other point of the curve should be to the 
area at the lowest point, as the secant of the angle a 
tangent to the curve makes with a horizontal line, is to 
the radius. In the present case, the sum of the areas at 
the point of suspension should be 242 square inches. Cast 
iron would be greatly superior to wrought iron for chain 
bridges; it would be more durable, less expensive to obtain 
the same strength, and when made sufficiently strong, its 
weight would prevent excessive vibration by small forces. 
Most of the wrought iron bridges appeal to be very slight 
and temporary structures when examined by the rules I 
have given, which appear to be founded on unquestionable 
principles. 

Smaitple 3. To determine the urea of a piston-rod for a 
single-acting engine, the force on the piston being equivalent 
to 11 lbs. on a square inch, and allowing for the possibility 
of the direction of the force being at half the diameter of the 
rod from its axis. In this case 11 times the square of the 
diameter of the piston in inches is equal to the stress, and if 
D be the diameter of the steam piston, and d that of the 
piston-rod, we have for wrought iron, 

3-1416 x 11 D* = j ; 
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or very nearly, 




That is, the diameter of the piston-rod should be g^th of the 
diameter of the steam cylinder, when nothing is allowed for 
wear ; or making the allowance which appears to be requisite, 
the diameter should he j^th of the diameter of the steam 
cylinder. 



Of TBI STRENGTH OF CAST IRON TO RESIST AN IMPULSIVE 

FORCE.* 

*—4 

294. The moving force of a body, or of a part of a 
machine, ought to be balanced by the elastic force of the 
parts which propagate the motion ; for if the effect of the 
moving force be greater than the elastic force of the parts, 
some of them will ultimately break ; besides, a part of the 
power of the machine will be lost at each stroke. 

And since increasing the mass of matter to be moved 
increases the friction in a machine, it is an advantage to 
employ no more material in its moving parts than is abso- 
lutely necessary for strength ; but, in other parts exposed to 
prcssive forces only, it is desirable that the materials should 
always be capable of resisting the strains, with as small a 
degree of flexure as is convenient, because steadiness is, in the 
fixed parts of machines, a most desirable property. 

A beam resists a moving force, as a spring, by yielding 
and opposing the force as it yields, tdl it finally overbalances 
it;f and hence it is, that a brittle or very stiff body breaks, 
because it does not yield sufficiently for destroying the force- 
As the resistance of a beam under different degrees of 

* Dr. Young baa given the term rttffiUKt to tbis speciea of resistance ; and Hip 
reader will find some interesting remarks on the iinportanco of studying it, in Lis 
Lectures on Nnt, Phil. \oL L p. 143. 

t For a machine to produce the greatest effect, tho time of bending the beam 
should be as small as possible. 
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flexure can be calculated, the effect of that resistance in the 
destruction of motion may be estimated by the principles of 
dynamics: such inquiries are usually managed by the 
method of fluxions \ but not being satisfied with the manner 
of establishing the principles of that method, though I have 
no doubt of the correctness of results obtained by it, I shall 
briefly deduce the rules of this section by another mode of 
calculation. 

295. If the intensity of a force be variable, so that the 
action upon the body moved at any point be directly as some 
power, ji, of the distance from a point B, rig. 23, towards 
which it moves. Then, if the intensity of the force at A be 

equal P, the intensity at any point C will be {A li) '. • siot, 

by the definition, 

(AB). ; <CB)-.:P : <C 



Put S to denote the space A B ; and conceive this space S 
to be divided into m equal parts, denoting any one of these 
parts by x ; and in consequence of the smallness of these 
parts, if we take the mean between the intensity at the 
beginning, and that at the end of each part, and consider 
each of these means a uniform intensity for the space it was 
calculated for, then these uniform intensities may be repre- 
sented by the following progression : 



P 

80 



or, 



20G. It is shown by writers pn dynamics, that when the 
intensity of a force is uniform, the square of the quantity of 
force accumulated or destroyed \s dvecctty as the intensity 
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multiplied by the quantity of matter moved, and by the space 
moved through.* Therefore making W = the quantity of 
matter, and g a constant quantity to reduce the proportion to 
an equation, we find the square of the forces accumulated 
or destroyed, in the space S, may be exhibited by the 
progression 

!/PWl« + ll „ -« «• ) 1 

^ jl- + 2- + ... W -l * r j. 

And from the principles of the method of progressions,! 
the accurate value of the square of the force accumulated or 
destroyed in the space S is 

« r W s 

u + 1 

297. When n = o, or the intensity is uniform, the square 
of the accumulated force is = ^PWS. 

298. The force of gravity near the earth's surface is nearly 
uniform, and in this ease we know from experiments on fall- 
ing bodies that /} = G-l^, and P = W the weight of the body ; 
therefore, 64^ W 5 S = the square of the accumulated force, 
and G4^ may be substituted for//. 

Hence the moving force of a falling body is W VG-l^ S. 
290. If « = 1, we have 

.^r J v8 = «*j L P_ W j = 

» + 1 a 

and as, in the resistance of beams, the intensity at any 
deflexion is directly as the deflexion, the quantity 82$ P W S 
represents the square of the force destroyed in producing a 
deflexion equal to S. That is, when a beam is supported at 
both ends, and S = the deflexion in the middle, in decimal 
parts of a foot, then V 32£ P W S = the force that would be 



• Dr. C. Hutton'a Course of Math. vol. ii. p. 6th edition, 

+ See Philosophical Magazine, toL lvii. p. 201. 

V) 
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destroyed in producing tlie flexure S j where P is tlie -weight 
that would produce the deflexion S.* 

Having considered the effect of the resisting force of the 
material in destroying an impulsive force, we must now con- 
sider the circumstances which take place in the different cases 
occurring in practice. 

300. If the blow be made by a falling body in the direc- 
tion of gravity, and tlie weight of the falling body be w, and 
its velocity at the time of impact be v, then by the laws of 
collision, in the case of equilibrium, 

v ■ = v / a2 i jPS(W + ic). (i.) 

In which equation the small acceleration that would be 
produced by the action of gravity on the mass W -f w, during 
tlie flexure of the beam, is neglected. 

301. If the blow were made horizontally by a body of the 
weight w, moving with a velocity v, then the equation is 
correct ; and even in the first case it is accurate enough for 
practical purposes. 

302. If the blow were made by a weight «• falling from a 
given height h, we have, by the laws of gravity (art. 298), 

v v = if v' tf'i A; 

therefore, 

w Vtiip"= V3-4PS(W + w), or 

2» ! 4=PS(W + w), ("•) 

303. When the strain is occasioned by a force of an 
intensity F, and velocity v, such for example as would be 
occasioned by the sudden derangement of a machine in 
motion with the velocity v, and force F, then 

• The effect of elastic puoa in producing or destroying motion is expressed by the 
game equation, when the change of bulk is. not BO mpid as to cause cold in the one 
case, or to develops heat in the other. The development of heat by tbe sudden 
compreSBion of air materially affects the velocity of sound, and •was first applied by 
Laplace to correct the di*cropancy between theory and experiments ; a subject which 
has been further illustrated by tho researches of Poisaon, in an article"Sur la Vitesse 
du Son, • Anualea do CLimie, tome xxiu. p. 5. 
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Fv = V 32+ FffWj or. 
F-.-=32gPSW. (Hi.) 

Tlic last equation is applicable to the beams of steam 
engines, and in general to reciprocating movements in 
machines, such as the connecting rods, cranks, &c. 

If a body be previously in motion in the direction of the 
impulsive force, then the force F v should be the difference 
between the forces of the impelling and impelled bodies. 

304. A general number of comparison to exhibit the power 
of a body to resist impulse, and which might be termed the 
Modulus of resilience, would be extremely convenient in calcu- 
lations of this kind; and when we omit the effect of a 
difference of density, which it is usual to do, we have an easy 
method of forming such a number.* For in any case, if /be 
the force which produces permanent alteration, and « the 
corresponding extension, 

PS:/«. 

And, since in bars of different materials placed in the same 
circumstances the resistance to impulse may be considered pro- 
portional to the height a body must fall to produce a permanent 
change in the structure of the matter ; and as that height is 
proportional to P S, and consequently to ft, when the effect 
of density is neglected ; we may take f < the measure of the 
power of a body to resist impulsion, that is, the modulus of 
resilience ; and representing this modulus by R, 

/•-B, <ir.) 



Tho number might include the effect of density, if we were to measure the re- 
BietJMica to impulse by the height a body should full to produce permnncnt change by 
ita own weight j for we easily derive from Equation 1L urt. 302, 

i 

when i U the specific gravity. This oxpres«ioa might be termed the ijKcijic ruilUnet 
of a body, and if it were denoted by 3, we should have 



la coat iron, 



2-1'7<52. 
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therefore R ■ 127. 
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305. These equations flow from the principle that while 
the elasticity is perfect, the deflexion or extension is as the 
force producing it, but it also varies according to the manner 
in which the material is strained. In some cases, of frequent 
occurrence, the application is shown in the examples. 

But it will be useful, before we proceed any further, to 
inquire what velocity cast iron will bear, without permanent 
alteration, in order that we may be aware whether sucli 
velocity will ever take place in the parts of machines ; for if 
any part of a machine be connected with others that will yield 
to the force, and the material be capable of transmitting the 
motion with greater velocity than the machine moves with, 
it need be formed only for resistance to power or pressure. 

306. It has been shown that -J 32f~FW"S is equal to 
the greatest force an elastic body can generate or destroy 
(art. 299) ; if it were exposed to a greater force, its arrange- 
ment would be permanently altered. Now, if V be the 
greatest velocity the body is capable of transmitting, if com- 
municated to its mass, we have 



s/MfFw S - V W, or 



8g i j I 
w 



307. It has also been shown, that in cast iron the 
cohesive force / = 15,300 lbs. (art. 143), and the extension. 



. =I5 5j (an. mn 



and since S — It (by art. 104), and P = bdf (art. 103), 
and fdelp — W, where p =» 3 l 2ft)s., l\*e wd^Vit a bar of 
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iron 12 inches long and 1 inch square; therefore, when a bar 
is strained in the direction of its length, 

W V lb dp V 8-2 x1204 

11 '3 feet per second. 

808. If a uniform bar be supported at the ends, we have 

P = *J±*J1 (art H8) »d 8 - £J IL (art. 212) ; 
t l- it 

also, 

for the mass of the beam would acquire only the same 
momentum as half of it collected in the middle. Consequently, 

/S2*PS_ /Stj x 850"x-02x2 
V W ~ V 12 x 3 2 - * - 

5 '3366 feet per second, nearly. 

I have shown by a comparison of many experiments in art. 
70, that about 3 3 times the force that produces peimanent 
alteration will break a beam; therefore, assuming the de- 
flexion to continue proportional to the force till fracture takes 
place, we have 

V'32* x 8-3 P x 3 8 S „ 
- 1 W = V;«r 

Therefore, a velocity of 

3-3 x 5-3366 = 17 - 6 feet per second, 

would break a beam ; or a beam would break by falling a 
height of about 5 feet. 

309. Hence it is clear, that cast iron is capable of sus- 
taining only a very small degree of velocity ; and a correct 
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knowledge of this limit is certainly of the first importance in 
the application of this material in machinery. When a cast 
iron bar is exposed to an impulsive force in the direction of 
its length, the utmost velocity its mass should acquire must 
never exceed 11 feet per second; and when the force acts 
in a direction perpendicular to the length, it should never be 
capable of communicating to the mass of the bar a greater 
velocity than about 5 feet per second ; and if it exceed 18 
feet per second, the bur will break. 

If the connecting rod of a steam engine were to move with 
a greater velocity than 5 feet per second, the BWftg of its own 
weight would produce permanent flexure. 

If a ship with hollow cast iron masts should strike a rock 
when it moved with a velocity of 12 miles per hour, the 
masts would break j and even with less velocity, for here we 
neglect the effect of the wind on the masts. 

a 10. To illustrate the use of the above investigation, or 
rather, to prevent any one from disappointment, in applying 
these rules for the resistance to impulsion, it may be useful 
to consider how they should be applied to the parts of 
machines. In a machine the motion is communicated from 
the impelled to the working point by a certain number of 
parts, and among these parts one at least should be capable 
of resisting the whole euergy of the moving power. If there 
be many parts to transmit the power, then two or more of 
them should be capable of resisting the energy of the moving 
power, and they should be distributed so as to divide the 
line of communication into nearly equal parts. If the inter- 
mediate parts be made sufficient to resist the dead power of 
the machine, that is, the power without velocity, they will 
always be strong enough to convey the velocity, if it be less 
than is stated in the preceding article, to other parts, that 
will either forward it to the working point, or resist it entirely 
during a momentary derangement of the action of the machine. 
To make all the parts strong enou»\v toe \\v» \tox^ca& would 
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often cause a machine to be clumsy, and unfit for any 
practical use. 

311. Let the constant numbers for the strength and 
deflexion in feet be /*. Then, 

Also, let the weight of the beam itself be n times the weight 
of the fauing body. These values being substituted in 
Equation i. art. 300, we have 

v w= ¥+» = V32ii6d/8w(n + l); or, 

32i//8(n+l) = bd - W 

312. If the like substitutions be made in Equation iii. art. 
303, we obtain 

F» V : = (32* P S W) - 32* I b d f 8 W ; 

and if lb dp he the weight of the mass of the beam the force 
acts upon, then 

17- =bd , (TiL) 



PRACTICAL RULES AND EXAMPLES. 

313. Prop. i. To determine a rule for finding the dimen- 
sions of a beam to resist the force of a body in motion. 

It is evident by Equation vi. art. 311, that the error which 
would arise from neglecting to allow for the effect of the 
weight of the beam itself, would always be on the safe side 
in calculating the dimensions of a beam to resist an impulsive 
force ; and since, by such neglect, the rule is reduced to a 
very simple form, instead of a very complicated one, I shall 
apply the equation under the form 
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314. Case 1. When (lie beam is uniform and supported 
at the ends. In this case /= S50 (see art. 143), and b in 
feet = (by art. 212) licuce, 

82i/5 = <5E; or 

m 

315. Rule. Multiply the weight of the falling body in 
pounds by the square of its velocity in feet per second; 
divide this product by 45*6 times the length in feet, and the 
quotient will be the area in inches. 

The depth should be at least sufficient to render the beam 
capable of supporting its own weight, added to the weight of 
the falling body, which may be readily found by Table II. 
art. 6. 

310. If the height of the fall be given instead of the 
velocity of the falling body, then instead of multiplying by 
the square of the velocity, multiply by sixty-four times the 
height of the fall. 

317. Example 1. To determine the area of a cast iron 
beam that would sustain, without injury, the shock of a 
weight of 170 lbs. falling upon its middle with a velocity of 
8 feet per second, the distance between the supports being 
20 feet. By the rule 

— — — =92 inches, ttio area required. 

Hence, if we make the depth C inches, the breadth will be 
1*68 inches, and the beam would sustain a pressure of 
lSOOtbs. (sec Table II.) to produce the same effect as the 
fall of 170 lbs. It may also be observed, that half the 
weight of the beam is 400 lbs., mnking 570 lbs. for the 
pressure the. beam would have to sustain after the velocity 
was destroyed, which is not quite ^rd of the weight the 
beam would bear. 
31 S. Krampte'l. If a bridge feci spwete formed 
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on beams of cast iron, of what area should the section of 
these beams be, so that any one of them might be sufficient 
to resist the impulsive force of a waggon wheel falling over a 
stone 3 inches high, the load upon that wheel bciug 33601bs. ? 

The height of the fall being '25 foot, the square of the 
velocity acquired by the fall will be 04 x -25 = 16 ; therefore, 

3360 x 10 . . 

the area required. 

This area is nearly 40 inches; suppose it 40, then 40 x 15 x 
3'2 = 1920 lbs. = half the weight of the beam (that is, the 
area in inches multiplied by half the length in feet, multiplied 
by 3 2 lbs., the weight of a piece of cast iron, 1 foot in 
length, and 1 inch square); consequently 1920 + 3360 = 
5280 lbs., the whole effective pressure on the beam, after the 
velocity is destroyed. If we were to make the beam 20 inches 
deep, and 2 inches in thickness, it may be found by Table II. 
that the deflexion would be '9 of an inch, and it would 
require a pressure of 45,328 lbs. to produce the same effect 
as the fall of the wheel, above eight times the pressure of the 
load and weight. 

310. Case 2. When a beam is supported at the ends, the 
breadth uniform, and the outline of the depths an ellipse. 

This case applies to bridges or beams to withstand an 
impulsive force at any point of the length. By art, 144,/= 
S50, and by art. 130, 

8 io feet = -jj- j 

therefore the equation 



in art. 313, becomes 



* 
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320. Haiti Calculate by the rule, art. 315, with 58 "8 as 
a divisor instead of 45 "5. 

321. Case 3. When the breadth aud depth of a beam are 
uniform, and the section is as fig. I), Plate I, and the beam 
supported at the ends. 

In this case/ = 850 (1 — ff) by art. 180, and 

by art. 212; hence the equation (art. 313), 

■V s k r 1 w 



32j/8 / 455(1 I 



= !>d; 



consequently the power of a beam to resist an impulsive force, 
when the quantity of material is the same, is considerably 
increased by giving this form to the section. 

322. Case 4. If a beam of the form of section shown in 
fig. 9, be the elliptical form of equal strength (sec fig. 24, 
Plate III ), then 



£84 I (1 - jfi <i) 

when the beam is supported at both ends, and the impulsive 
force acts at any point of the length. 

323. Case 5. In an open beam, as fig. 11, Plate II., we 
may consider the beam as bounded by a semi-ellipse, when 
the breadth is uniform, and in this case 



= bd. 



324. Example. To determine the area of the section of an 
open girder that would sustain the shock of 300 lbs. falling 
from a height of 1 foot, the length between the supports 
being 20 feet, and the depth of the open part /„ of the whole 
depth. 

In this example 

c 5 u> 04 x 300 



G3"5 I (1 - p 1 ) 58"i * 1« Q. - -8i8) 
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20 inches nearly. This is perhaps as great an impulsive force 
as it is probable a girder for a room will be likely to be 
exposed to; and since this area of section would not be 
sufficient for the greatest pressure, it appears unnecessary to 
calculate the effect of moving force in the construction of 
girders. 

825. Prop. ii. To determine a rule for finding the dimen- 
sions of a uniform beam to resist a moving force. 

This proposition applies to the parts of machines ; and as 
there are few people engaged in the construction of powerful 
machines that are not competent to apply an equation, I shall 
in this part give the rules in the form of equations only. 

326. Case 1. When a uniform beam is supported at the 
ends, and the moving force acts at the middle of the length. 

By art. 143,/= 850, and by art. 212, 

•02 

8= — = -00166 foot; . 

and since 3 2 lbs. = the weight of 1 foot in length, and 
1 inch square, we shall have 



3-2 _ a 



therefore, 



F V F V F V 

— . -I - - (art. 312) = = *-l =bd. 

iVty/ff I x 850 x -OOltf x 1-6 8tt * 

327. Mule. When F is the force in pounds, V its velocity 
in feet per second, / the whole length in feet between the 
supports, b the breadth, and d the depth in inches, then 

f v 

828. Case 2. When a uniform beam rests upon a centre 
of motion, and the moving force acts at one end, and is 
opposed by a greater resistance at the other end. 

By art. 153, 

/= 212, and by art. 220, » ='08 (1 + r), andp = 2j 
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hence, 



p v 



F V 



•id, 



329. j&fe. Make F — the force in pounds, V its velocity ill 
feet per second, I = the length in feet between the centre of 
motion and the point where the force acts, and /' = the length 
in feet between the centre of motion and the point of resist- 
ance ; b and d being the breadth and depth in inches ; then 

/■ f v 

t = r, and — — — — ~ — b d. 
I 8-6 / v 1 + '• 



330. If / = I we have 

F V 



F V 



= 6<L 



881. Example. To determine the area of the section of the 
beam for a steam engine, when it is to be of uniform depth f 
the length 24 feet, the centre of motion in the middle of the 
length ; the presenile upon the piston 5000 lbs., and its 
greatest velocity 4 feet per second. 

By art. 330, 

F V , , 5000 * 4 , „„ , , , . 

■ « = rsnr — ■ »3i inches nearly. 



1MI 



1M x 12 



If this beam were made 30 inches deep, the deflexion by 
such a strain would be about f ths of an inch, and the 
breadth would be 



137 

3d 



i &l iachvs, 



and such a beam would bear a weight of about 12 times the 
pressure on the piston, without destroying its elastic force. 

332. Prop, nr. To determine a rule for finding the area 
of the middle section of a parabolic beam to resist a moving 
force when the breadth is uniform. 

The motion communicated to the arm of a lever is the 
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same as if its whole weight were collected at its centre of gravity; 
and as the length of the arm is to the distance of its centre of 
gravity, so is the mass to the effect of that mass collected at 
the extremity. Therefore, when the distance of the centre of 
gravity is some part of the length, the effect of the mass of 
the arm will be the same part of the whole of its weight 
when acting at the extremity. 

833. Case 1. When a parabolic beam is supported at both 
ends, and the moving force acts at the middle of the length. 

By art. 143,/= 850,' and by art. 224, 



8 = !2i m 0033 foot 

Also, because the area of a parabolic beam is § of one uni- 
formly deep,* and the distance of the centre of gravity from 
the centre of motion is f of the length ;f we have 

Consequently, the equation (art. 312), 

FV F V F V 

IV^/«P = 1 V324 x 850 x -0033 x 1-28 " 1 * 108 



334. In beams supported at both ends, and of the same 
breadth, the power of a parabolic beam to resist a moving force, 
is to that of a uniform beam, as 10 is to 8 nearly; and the 
parabolic beam requires very little more than §rds of the 
quantity of material. 

335. Rule. When F is the force in pounds, V its velocity 
in feet per second, / the whole length between the supports, 
and b and d the breadth and depth in inches ; then 

336. Example. Let the force of a steam engine be applied 
to the middle of its beam, so as to cause it to move an axis 

• Dr. Button's Course, voL iL p. 126*. t Idem, yoL iL p. 327. 
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by means of two cranks, placed so as to be impelled by the 
cuds of the beam. Let the greatest pressure on the piston 
be 3000 lbs., its greatest velocity 3 feet per second, and the 
whole length 12 feet. 
By the rule (art. 335), 



F V 
10-81 



3000 * 3 
108 x 12 



337. Case 2. When a parabolic beam rests upon a centre 
of motion, and a moving force acts at one end, and is opposed 
by a greater resistance at the other. 

By art. 153,/= 212, and by art. 227, 



j = 



also. 



hence, 



F V 



2 2 



FV 



12S 
15 



= -85333: 



F V 



ls/%mip = ! V 32} x 212 x -8fi3 x -16 (1 + r ) 8-82 i ■s/l + r 

12 



= b<I. 



3 38. Rule. Make F the force in pounds, and V its 
velocity in feet per second, / = the length in feet, from the 
centre of motion to the point where the force acts, and /' the 
length from the centre of motion to the resisted point ; also, 
make b and d the breadth and depth in inches ; then 

r FV 

— nr. and ~ & d. 

I ' 8 82 1 Vl + r 



339. If / = l\ that is, when the centre of motion is in the 
middle of the beam, 

f v 



12-6 i 



340. In a steam engine the weight of the connecting 
apparatus, the jjower applied to the t&^taog, &a >Kt\%l\t 
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of the catch-pins, should be allowed for ; and when the engine 
moves machinery, the beam should not be loss than is deter- 
mined by this rule. The depth of tho beam is usually the 
same as the diameter of the steam piston. 

341. Example. If the pressure on the piston of a steam 
engine be 15,000 lbs. the whole length of the beam 24 feet, 
and its velocity 3 feet per second, required the area of the 
beam? 

In this case, 

F V 1G000 x 3 . , . 
UTI " 12-5x12 = hd - 300 ,DC1 "* 

If the beam be made 48 inches deep, it should be indie* 
in breadth ; and the best method of forming such a beam in 
to make it in two parts, each 3£ in breadth, planed at 1 2 or 
14 inches apart, and well connected together. 'J'Ihh arrange- 
ment causes an engine to work with more stcadiiieHH, and the 
parts are less troublesome to move and fix in their place* than 
a single mass would be. 

342. Prop. iv. To determine a rule for finding the area 
of the middle section of a beam of uniform breadth, the depth 
at the end being half the depth in the middle, and the middle 
of the depth open, to resist a moving force. 

Let the parts be so arranged that the centre of gravity 
may be considered to be at the middle of the length of the 
arm of the beam, which will be very nearly true in practice, 
and will render the computation somewhat easier. 

243. Cats. 1. WK*n an open beam t». *t;pport/.'J at the 
ends, and las force is applied in the xuAAV. of the length. 

By an. 200./= 1 — jpj, zxA by art. VA, 
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FV 



F V 



i V P t Via* * 850 (1 - P ' s ) x -002725 k 1-6 <1 - /.'J 

=bil 

10-02/ va-zv a-/) 

344. 7?tf/e. Make F the force in pounds, V its velocity in 
feet per second, / the whole length between the supports in 
feet,// that number which would be produced by dividing 
the depth of the part left out in the middle, by the whole 
depth ; (if this ratio were not fixed, the solution could not be 
effected ;) and b and d the breadth and depth in the middle 
in inches 5 then 

FV 



10-92/ VU -/ 8 )* (1-P') 



= btl. 



343. If// be made — '7, which is a convenient propor- 
tion, then 

F V 



4-b5 / 



= bd. 



34G. Cam '2. When on open beam is supported on a 
centre of motion, and the moving force nets at one end, and 
the resistance at the other. 

By the same method as above we find 



F v 



10-92 1*4 {l— pi* (l-j>)HU + r) 



347. Bute. Make P = the force in pounds, V its velocity 
in feet per second, / the length from the point where the force 
acts to the centre of motion in feet and /' the length from the 
centre of motion to the point of resistance, h and d the 
breadth and depth in inches in the middle of the beam, and 
p the number arising from the division of the depth of the 
part left out in the middle by the whole depth ; then, j = r, 
and 
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F V . 

lo-w i v'tw^ri ir—p) x(r+>) a ' 

348. If p — 7, the equation reduces to 

f v 

=M- 

485 ly/l+r 

349. Also, when the centre of motion is in the middle of 
the beam, and p = '7, we have 

350. Example. As an example to the equation in the last 
article, let us suppose the pressure on the piston of a steam 
engine to be 15,000 lbs., its velocity 3 feet per second, and 
the whole length of the beam 24 feet, which is the same as 
the example (art. 341). In this case 

F V 15000 x 8 „„, . , 
?8Ti = 6^86 x 12 = 771 mch08 = '' rf - 

And, if the depth be made 48 inches, then 

inches the breadth, which is to be the same throughout the 
length. The bulk of the metal in the upper and lower part 
of the beam will be found by multiplying the depth by 7 ; 
that is, "7 x 48 = 33*0 ; which, deducted from 4S, leaves 
14 "4 inches, or 7 2 inches for each side. 

Fig. 34, Plate IV., shows a sketch for a beam of this kind, 
drawn according to these proportions. 

351. Any of the rules of this, or of the preceding Section, 
may be applied to other materials by substituting the proper 
values of the cohesive force, extensibility, and density ; these 
are given for several kinds in the following Table. 
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TABLE OF DATA, &c. 

USEFUL IN VARIOUS CALCULATIONS | 

ARR.VNllf.n ALPHABETICALLY. 

The data mrrtjefimd to tlie viean Umperature and yrrmtre of the alniosph-TC, dry 
materials ; and tlie temperature is measured by Fuftmthnts scale. 

Air. Specific gravity 0-001 2 ; weight of a cubio foot 00753 lb., or 527 
grains (SiiicKiiuiUiH); 13 3 cubic feat or 17 cyliudric foet of air weigh 

1 lb. ; it expands ^ or -00208 uf its bulk at 32° by the addition of 

one degree of heat (Dulonq nnd Petit), 

Asn. Specific gravity 0-7G ; weight of a cubic foot 47v> ths. ; weight of 
a bar 1 foot long and 1 inch square 0-3311).; will bear without 
permanent alteration, a strain of 3040 lbs. upon a square inch, and 
an extension of of its length ; weight of modulus of elasticity 
for a base of an inch square 1,640,000 lbs. ; height of modulus of 
elasticity 4,970,000 feet ; modulus of resilience 7*6 ; specific resi- 
lience 10. (Calculated from Barlow's Experiments.) 

Compared with cast iron as unity, its strength is 0'23 ; its exten- 
sibility 2-6 ; and its stiffness 0*080. 

Atmosi'iiebk. Meau pressure of, at London, 28 80 inches of mercury •= 
14*18 1m. updo a square- inch. (Royal Society.) The pressure* of 
the atmosphere is usually estimated at 30 inches of mercury, which 
is very nearly 14 J lbs. upon a square inch, aud equivalent to a 
column of water 34 feet high. 

Beech. Specific gravity 0-696 ; weight of a cubic foot 45-3 lbs. ; weight 
of a bar I foot long and 1 inch aqunre 0-315 Tb. ; will bear without 
permanent alteration on a square inch 2360 lbs., and an extension of 
^ of its length j weight of modulus of clnsticity] for a base of 
an inch square 1,345,000 lbs. ; height of modulus of elasticity 
4,600,000 feet; modulus of resdienco 4 14; specific resilience G. 
(Calculated from Bahlow's Experiments.) 

Compared with cast iron as unity, its (strength is 0-15; its 
extensibility 21; and its stiffness 0-073. 
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Brass, ctut. Specific gravity 8-37; weight of a cubic foot 523 lbs. ; 
weight of a bar ] foot long and 1 inch square 3"G3 lbs. ; expands 

SZw of iu length by one degree of heat (TtiotcnTos) ; melts at 
]S<",'»= (D.istell) ; cohesive fare of a si|*iarc inch lf«,000 1ba. 
(Rexxif.) ; will bear on n squruv inch without permanent alteration 

0700 Ufa., and an extension in length of s ; weight of modulus of 
elasticity for a base of an indi square 8,f.'<0,00(J ffw. ; height of 
modulus of elasticity 2,400,000 feet ; modulus of rcailieuoe 5 ; 
specific resilience 0-6 (Tbkdgolp). 

Compare*! with east iron as unity, its strength is -435 ; its 
extensibility O'O ; and its stiffness - 49. 
Brick. Specific gravity 1-841 j weight of a cubic foot 115 lbs. ; absorbs 

^ of its weight of wnter; cohesive force of I square inch 275 Sis. 
(TretiGOLd) ; is crushed by a force of 5C21bs. on a square inch 
(Rexxee). 

Brick-work. Weight of a cubic foot of newly built, 117 lbs ; weight 
of a rod of new brick-work 10 tons. 

Bridges. When a bridge is covered with people, it is about equivalent 
to a load of 120 lbs. on a superficial foot ; inn! this may be esteemed 
the greatest possible extraneous loud (hut can be collected on a 
bridge j while one incapable of supi*irting this load eanuot be 
deemed safe. 

Bronze. See tiun-mctal 

Cast Iuojr. Specific grnvity 7'207 ; weight of a cubic foot 450 lbs. ; a 
l>ar 1 foot Long and 1 inch square weighs 3*2 lbs. nearly J it expands 

j^^; of its length by one degree of heat (Rot) ; greatest change 

of length in the shade in this climate greatest change of 

length exposed to the sun's rays y^ ; melts at 347 f J° (Danlell), 

and shrinks in cooling from s to ~j of its length (Musrurr); is 
crushed by a force of 93,000 lbs. upon ft square inch (Rennie) ; will 
bear without permanent alteration 15,300 lbs.* upon a square inch, 

and an extension of ss of its length ; weight of modulus of 
elasticity for a base of an inch square 18,400,000 lbs. ; height of 
modulus of elasticity 5,750,000 feet j modulus of resilience 127 J 
specific resilience 170 (Trkdgold). 

Chalk. Specific gravity 2315; weight of a cubic foot 14-17 Rm.; ib 
crushed by a force of 500 II is. on a square inch. (Ken'N'IE.) 

Clay. Specific gravity 2-0 ; weight of a cubic foot 125 lbs. 



* See note to art. 143.— EftYtoa. 
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Coal. Xeiecastle. Specific gravity l'2G0 ; weight of a cubic foot 
70*31 lbs. A Loiulon chaldron i>f 3(i bushels wcigliH about 28 cwt., 
whence a bushel is 87 lbs. (but H usually rated at 8-1 His.) A New- 
castle chaldron, 53 cwt. (Smeaton.) 

Copper. Specific gravity 8-75 (Hatch ett) ; weight of a cubic foot 
549 lbs. ; weight of a bar 1 foot lung and I inch square 3-81 lbs. ; 
expands in length by one degree of boat (Smeaton - ) j melts at 
9843° (Daniell) ; cohesive force of a square inch, when hammered, 
33,000 Bis. (Rennie). 

Earth, common, Specific gravity 152 to 2-00; weight of a cubic foot 
from 9 j to 125 lbs. 

Klm. Specific gravity 0544 ; weight of a cubic foot 34 lbs. ; weight of 
a bar 1 foot long mid 1 iuch square 0-23G lbs. ; will bear on a square 
inch without permanent alteration 3240 tt>s., and an extension in 

length of jjj ; weight of modulus of elasticity for a base of an 
inch square 1,340,000 lbs. ; height of modulus of elasticity 5,680,000 
feet ; modulus of resilience 7 "87 ; specific resilience 14*4. (Calcu- 
lated from Harlow's Experiments.) 

Compared with cast iron as unity, its strength is 0-21 ; its exten- 
sibility 2"fJ ; and its stiffness 073. 
Ftlt, red or yelloto. Specific gravity 0-557 ; weight of a cubic foot 
34'8tt». ; weight of a bar 1 foot long and 1 inch square 242 lb. ; 
will boar on a square inch without permanent alteration 42'JOlbs., 
= 2 tons nearly, and im extension in length of ^ ; weight of 
modulus of elasticity for a base of an inch square 2,01 0,000 lbs. ; 
height of modulus of elasticity 8,330,000 feet ; modulus of resi- 
lience 'J-13 ; specific resilience l<3 - 4. (Tredgold.) 

Compared with cast iron as unity, its strength is 0-3 ; its exten- 
sibility 2 C ; and its stiffness 0-1154, a ~ 
Via, white. Specific gravity 047 ; weight of a cubic foot 29 3 lbs. ; 
weight of a bar 1 foot long and 1 inch square 0-204 11). ; will bear 
ou a square inch without permanent alteration 3030 lbs., aud an 
extension in length of ^ ; weight of modulus of elasticity for n 
base of an inch square 1,830.000 B>b. ; height of modulus of elas- 
ticity 8,970,000 feet ; modulus of resilience 7 '2; specific resilience 
15 3. (Tredgold.) 

Compared with cast iron as unity, its strength is 23 ; its exten- 
sibility 2-4 : and its stiffness - l. 

us. The weight of a superficial foot of n floor is about 40 lbs. 
when there is a ceiliug, counter-floor, and iron girders. When a 
Boor is covered with people, the load upon a superficial foot may be 
calculated at 120 lbs. Therefore WQ -V INmlSblbt, a&%«asg«< 
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ficial foot is the least stress that ought to he taken in estimating 
the strength for tho parts of a floor of a room. 
Force. See Gravity, Horses, ike. 

Granite, Afterdrrn. Specific gravity 2*625 ; weight of a cuhic foot 
181 lbs. ; is crushed by a force of 10,910 lbs. upon a square inch. 
(Rennte.) 

CI n a v el. Weight of a cubic foot about 120Its . 

Gravity, generates a velocity 32^ feet in a second, in a body falling from 

rest ; space described in the first second 10-jV feet. 
Gcn-metal, cmt (copper ft parte, tin 1). Specific gravity 81o3 ; weight 
of a cubic foot oOOA lbs. ; weight of a bar 1 foot long and 1 iuch 

square Z-oi lbs. (Tredgold) ; expands in length by 1° of heat 
(Sm eaton ) : will bear on a square inch without permanent altera- 
tion 10,000 lbs., and an extension in length of weight of 
modulus of elasticity for a base of an inch square 9,873,000 lbs. : 
height of modulus of elasticity 2,790,000 feet ; modulus of resi- 
lience, and specific resilience, not determined. (Tredgolij.) 

Compared with cast iron as unity, its strength is - G5 ; its exten- 
sibility |*2£ j aud its stillness 0'£S& 
Horse, of average power, produces the greatest effect in drawing a load 
when exerting a force of 167 \ lbs. with a volocity of 2i feet per 
second, working 8 hours in a day,* (Tredgold.) A good horse 
can exert a force of 480 lbs. for a short time. (Desagli.ikrs.) In 
calculating the strength for horse machinery, the horse's power 
should he considered 400 lbs. 
Iron, nut. See Cast Iron. 

Iron, malleable. Specific gravity 7 - G (Mi' sen en broke) ; weight of a 
cubic foot 47fi lbs. ; weight of a bar 1 foot long and 1 inch square • 
3*3 ftw. ; ditto, when hammered, 3*4 ttw. ; expands in length by 1° of 

heat 14 ^, M (Smeaton) ; good English iron will bear on a square inch 
without permanent alteration 17,800 ttVs.,t — 8 tons nearly, aud an 
extension in length of rj= ; cohesive force diminished be by an 
ilovation 1° of temperature ; weight of modulus of elasticity for a 
base of an inch square £4*920,000 lbs. j height of modulus of 
elasticity 7,o50,000 feet ; modidus of resilience, and sjiecifie resi- 
lience, not determined (Treogolu). 

Compared with cast iron as unity, its strength is 1'12 ; its exten- 
sibility 0-8C : and its stiffness 1*3. 
LARcn. Specific gravity "5GU ; weight of a cubic foot 35 lbs. j weight of 

* This is equivalent to raising 3 cubic fiiet of water 21 feet per second, or 7J cubic Test 
1 foot per second. See Buchanan's Knsays, 3rd edition, by Mr. Beanie, page 88. 
t Equivalent to a height of 5000 feet of the Mine uvaUm. 
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a bar 1 tout lo.ig and 1 inch square 24 3 lb. ; will hoar on n square 
inch without permanent alteration 2065 lbs., and an extension in 

length of ^ ; weight of modulus of elasticity for a base of an inch 
square 10,074,000 lbs. ; height of modulus of elasticity 4,415,000 
feet ; modulus of resilience -4 ; specific resilience 7"l. (Calculated 
from Barlow's experiments.) 

Compared with cast iron as unity, its strength is 0*1 3G ; its 
extensibility 23 ; and its stillness 0-058.* 
Lead, ctut. Specific gravity 11*363 (Brisson) ; weight of a cubic foot 
70U"5 Us. ; weight of a bar 1 foot long and 1 inch square 4*04 lbs. ; 

expands in length by 1° of heat jg^ (Smeaton) ; melts at G12° 
(Cimchtos) ; will bear on a square inch without permanent altera- 
tion 1S00 lbs., and an extension in length of ~ • weight of modulus 
of elasticity for a base of un inch square 720,000 lbs. ; height of 
modulus of elasticity 140,000 feet - modulus of resilience 312 ; 
specific resilience 0'27 (Tredgold). 

Compared with cast iron as unity, ita strength is 0"09G ; its 
extensibility 2'5 ; and its stillness 0*0880. 
Mahogany, Ilomlitras. Specific gravity 50 ; weight of a cubic foot 
35 lbs. ; weight of a bar 1 foot long and 1 inch square 0"243 lb. ; 
will bear on a square inch without permanent alteration 3800 lbs., 

and an extension in length of j= ; weight uf modulus of elasticity 

for a baso of an inch square 1,51*0,000 lbs. ; height of modulus of 
elasticity 0,570,000 feet ; modulus of resilience 0-047 ; specific 
resilience 16*1. (Tuedooi.d.) 

Compared with cast iron as unity, ita strength is 24 ; its exten- 
sibility 2' ( J j and its stiffness 487. 

Man. A man of average power produces the greatest effect when 
exerting a force of 31-} lbs. with a velocity of 2 feet per second, for 
10 hours in a duy.t (Tredgold.) A strong man will raise and 
cany from 250 to 300 lb* (DESAiiLl.tERS.) 

MArniLE, white. Specific gravity 2'700 j weight of a cubic foot 109 lbs. ; 
weight of a bur 1 foot long and 1 inch square Id 7 His. ; cohesive 

force of a square inch 1811 lbs. ; extensibility j^j of its length ; 
weight of modulus of elasticity for a base of an inch square 
2,520,000 lbs. | height of moduliiB of elasticity 2,150,000 feet; 

• The mi. -i ii nf my trials on specimens of retry different qualities places the strenpth 
and stiffness of Larch much higlier on the scale of comparison ; but I had not observed the 
point where it lusts lilt Mia power. 

t Tliin 1b equivalent to half a cubic foot of water raised 2 feet per Rand ; or 1 cubic 
foot of water 1 foot per second. See Uucliniian** Essays, y. 02, edited by Mr. llenme. 
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modulus of resilience at the point of fracture 1 3 ; Bjieeihc rcsiliouco 
at tho point of fracture 0-48 (Tuedoold); is crueJiod by a force of 
GOGOlbs. upon :i square inch (Rennie). 
Merluhv. Specific gravity 135G8 (limssox) ; weight of a cubic inch 

0-1948 lb. ! expands iu bulk by 1° of heat 5^5 (Duloncj and Petit) ; 
weight of modulus of elasticity for a base of an inch square 
4,417,000 Dm. ; height of modulus of elasticity 730,000 feet (Dr. 
Young from Canton's Ex]>crimcnts). 
Oak, rjoinl Kitijli'h. S]>ccific gravity 0-83 ; weight of a cubic foot 52 feti, ; 
weight of a bar 1 foot long and 1 inch Bqunrc 0-3G lb. ; will bear 
upon n square inch without [>crmanent alteration 3t)G0 D>s. ; and an 

extension in length of ; weight of modulus of elasticity for a 
base of an inch square 1,700,000 Bm. ; height of modulus of elas- 
ticity 4,730,000 feet ; modulus of resilience 9'2; specific resilience 
II, (T11ED001.D.) 

Compared with cast iron as unity, its strength is 25 ; itB exten- 
sibility 2-8 ; uud its atiffues* 0-0D3. 
Pendulum. Length of pendulum to vibrate seconds in the latitude of 
Loudon 3 ( J - 1372 iuches (Kater) ; ditto to vibrate half seconds 
9-7843 inches. 

Pine, Ameri#ni, i/i/low. Specific gravity 0*46 ; weight of a cubic foot 
26| lbs. ; weight of a bar 1 foot long and 1 inch square 0*186 lb. ; 
will bear on a square inch without permanent alteration 3!*00 lbs., 

and an extension in length of gj ; weight of modulus of elasticity 
for a base of an inch square I,fiOO,000 lbs. ; height of modulus of 
elasticity 8,700,000 feet; modulus of resilience 1H : specific resi- 
lience 20. (Thedcold.) 

Compared with cost iron as unity, its strength is 0-2.5 ; its exten- 
sibility 2'!) j and its stiffness 0-087. 
Pokphyiit, red. Specific gravity 2 '871 : weight of a cubic foot 17 9 lbs.; 
is crushed by a force of 35,oG8 lbs. upon a squnre inch. 
(Gauthey.) 

Hon-:, fifin/irji. Weight of a common rojw 1 foot long uud 1 inch iu 
circumference from 004 to 0l>4Glb, ; and a roiio of this size should 
not be exposed to a strain greater thuu 200 lbs, ; but in compounded 
ropes, such as cables, the greatest strain should not exceed 120D>s. ;* 

• The squnre of the circumference in inches multiplied by 200 will give tho number of 
pounds m ropo may be loaded with, and multiply by 120 instead of 200 fur cables. 
Common ropes will bear a greater load with safety after they Imve been HUM time u«, 
iu consequence of the tension of the fibres becoming equalized by repeated stretchings und 
partial untwisting. It has been imagined thai the improved strength was gained by their 
being laid up in MM ; but if they can there be preserved from deterioration, it is H 
much as can be expected. 
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and the weight of a cable 1 foot in length and 1 iuch iu circumfe- 
rence does not exceed 027 ft>. 
Roora. Weight of a square foot of Welsh rag slating HJIha ; weight 
of a square foot of plain tiling 1C J lbs. ; greatest force of the wind 
upon a superficial foot of roofing may be estimated at 40 lbs. 
Slatb, Wthh. Specific gravity 2'7;32 (Kihwan) ; weight of a cubic foot 
172 lbs. j weight of a bar 1 foot long and 1 inch square 1 -1 1) lbs. ; 
cohesive force <jf "* square inch 11,500 lbs.; extension before frac- 
ture ls l ; weight of modulus of elasticity for a base of an iuch 
fiquaro 1 5,800,000 lbs. ; height of modulus of elasticity 13,240,000 
feet ; modulus of resilience 8*4 ; specific resilience 2. (Tredgold.) 
Slate, Wegimoreland, Cohesive force of a square iuch 7870 lbs. ; exten- 
sion in length before fracture jag ; weight of modulus of elasticity 
for a base of an inch square 12,900,000 lbs. (Thedgold.) 
Slate, Scotrh. Cohesive force of a square inch 9600 lbs. ; extension in 
length before fracture j— ; weight of modulus of elasticity for a 
base of an inch square 15,790,000 tbs. (Tkkdgold.) 
Steam. Specific gravity at 212° is to that of air at the mean tempera- 
ture as 0' 472 is to 1 (Thomson) ; weight of a cubic foot 249 grains; 
modulus of elasticity for a base of an inch square 14^ lbs, ; when 

not in contact with water, expands j^j of its bulk by 1° of heat. 
(t.AY Lcssac.) 

Steel. Specific gravity 7*84 ; weight of a cubic foot 400 Ijk. ; a bar 
1 foot long and 1 inch square weighs 3"4 lbs. ; it expands in length 

by 1° of heat gjggg (Roy); tempered steel will bear without per- 
manent alteration 45,000 lbs. ; cohesive force of a square inch 
130,000 8)8. (Rennie); cohesive force diminished sag by elevating 
the temperature 1° ; modulus of elasticity for a base of an inch 
square 29,000,000 lbs. J height of modulus of elasticity 8*090,000 
feet (Dr. Young). 

Stone, Portland. Specific gravity 2*1 13; weight of a cubic foot 132 tbs. ; 
w eight of a prism 1 inch square and 1 foot long 92 lb. ; absorbs 

£ rf its weight of water (R. Tkepgold) ; is crushed by a force of 
372 U lbs. upon a square iuch (Rennie); cohesivo force of a square 
inch 857 lbs. ; extends before fracture ~ of its length; modulus 
of elasticity for a base of an inch square 1,533,000 lbs. ; height of 
modulus of elasticity 1,072,000 feet ; * modulus of resilience at tho 

• In the (tone*, the modulns here gWeu is calculated from the flexure at the time of 
fracture ; when it is taken fnr the first degree* of flexure, it is a little greater. The 
experiment* are described in the Fhllwophical Magwiae, \ol. Ivi. p. 290. 



PROPERTIES OF MATERIALS 



point of fracture 0*5 ; specific resilience) at the point of fracture 
0*23 (Tredgold). 

Stoke, Bntk Specific gravity 1-975 ; weight of a cubic foot 123-4 lbs. ; 

absorbs h of its weight of water (R. Tredgold) ; cohesive force of 

n square inch 478 lbs, (Tredgold), 
Stone, Cnwjleith. Specific gravity 2*362 ; weight of a cubio foot 

147 '6 lbs. ; absorbs ^ of its weight of water; cohesive force of a 
square inch 772 31*. (Thedoold) ; is crushed by a force of 5490 lbs. 
upon a square inch (IIk.vnie). 
Stone, Dundee. Specific gnivity 2*621 ; weight of a cubic foot 103*8 lbs. ; 

absorbs gs part of its weight of water ; cohesive force of a square 
inch 2661 lbs. (Tredgold); is crushed by a force of G630 lbs. upon 
a square inch (Rex me). 

Stonk-work. Weight of a cubic foot of rubble-work about 140 Jbs, ; 
of hewn stone 160 lbs. 

Tin, catf. Specific gravity 7*291 (Bkissos); weight of a cubic foot 
455'7 lbs. ; weight of a bar 1 foot long and 1 inch square 3165 lbs.; 
expands in length by 1° of heat traj (Smeaton) ; melts at 442° 
(Crichton) ; will bear upon a square inch without jiermanent altera- 
tion 2880 lbs., and an extension in length of == ; modulus of 
elasticity for a base of an inch square 4,G0b,0Q0 lbs.; height of 
modidus of elasticity 1,4.03,000 feet; modulus of resilience 18; 
specific resilience 247 (Tredgold). 

Compared with cast iron as unity, its strength is 0*182 ; its exten- 
sibility 0-75 ; and its stiffness 25. 

Water, river. Specific gnivity 1*000 ; weight of a cubic foot 62 5 lbs. ; 
weight of a cubic inch 252*525 graius; weight of a prism 1 foot 
long and 1 inch square 0134 H. ; weight of un ule gallon of water 

10*2 lbs. ; expands in bulk by 1° of heat (Dalton) ; * expands 
in freezing x of its bulk (Williams) ; and the expanding force of 
freezing water is about 35,000 lbs. upon a square inch, according to 
Muschcuhroek's valuation ; modulus of elasticity for a base of an 
inch squaro 326,000 lbs. ; height of modulus of elasticity 750,000 
feet, or 22,100 atmospheres of 30 inches of mercury (Dr. Young - , 
from Canton's Experiments). 
Water, ma. Specific gravity 1*0271 ; weight of a cubic foot 64*2 lbs. 

* Water has a state of maxim am density at or near 40°, which is considered an excep- 
tion to the general law of expansion by heat : it is extremely improbable that there is 
anything more than an apparent exception, moat likely arising from water at low tem- 
peratures absorbing a considerable quantity of air, which has th« effect of expanding it ; 
sad consequently of causing the apparent anomaly. 
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WatEii is 828 times tlio density of air of the temperature 00°, and 
barometer 30. 

Wrui.E-noNE. SpcciHc gravity 1-3 ; weight of a cubic foot 81 tt>s. ; w ill 
bear a strain of J600R>b. upon a square inch without permanent 
alteration, and an extension in length of j modulus of elasticity 
for a base of an inch Bqnaro 820,000 lbs. ; height of modulus of 
elasticity 1,438,000 feet; modulus of reiiilicncc 38-3; specific 
resilience 21). (Tredgold.) 

Worn. Greatest observed velocity 150 foot per second (llocnos) ; force 
of wind with that velocity about 57jj lbs. on the square foot* 

Zinc, east. Specific gravity 7-028 (Watson); weight of a cubic foot 
43!>J lbs. ; weight of a bar 1 inch square and 1 foot long 3 '05 lbs. ; 

expands in length by 1° of heat ~^ (Smeaton) ; melts at 648° 
(Daniell) ; will bear on a square inch without permanent alteration 
570011s. = 0'3C5 cast iron, and an extension in length of sjj = 5 
that of cast iron (Thedoold) ; t modulus of elasticity for a base of 
an inch square 13,f>NO,000 lbs. ; height of modulus of elasticity 
4,480,000 feet j modulus of resilience. 2-4 ; specific resilience 0-34. 

(TRKUGUr.D.) 

Compared with cast iron as unity, its strength is 0*305 j its 
extensibility 5 ■ and its stiffness 0*7 0". 

• Table or the force of winds, formed from tha Tables of Mr. Rouse and Dr. Lind, and 
compared with the obierrationa of Colonel Ueaufoy. 



VaWlty 
in m ilex 
(jerhour 


A wind may be danomtnatol when il doc* 
not oxcco.l Cho »eloolty up|msitu to It. 


Velocity 
ft* 

hmm 


Force oji a 
"I i Hi foot. 


6-8 
13'G 
19-5 
31 1 
477 
645 
08"2 
81 '8 

102 3 


A gentle pleasant wind 
A brink .-ale ..... 
A very brink gale .... 
A high wiud ..... 
A very high wind ■ . . . 
A slonu or trinpcat . . . 

A hurricane ..... 
f A violent hurricane, that tearB up 1 
1 trees, uvtrturiia buildings, lie. . J 


root 
10 
20 
80 
50 
70 
80 
100 
120 

150 


b>h. 

229 

oyis 

2 059 
5718 
11 207 
14-838 

22-872 
32'02(J 

51 120 



• Accurate observations on the variation and mean intensity of He force of wiuda would 
be very desirable both to the mechanician and meteorologist. 

t The fracture of ainc ia very beautiful ; it is radiated, and [.reserves it, 1 intra a long 
time. 



NOTE ON THE ACTION OF CERTAIN SUBSTANCES ON 

CAST IRON. 



Is some circumstances cast iron will decompose, and be converted into a soft 
substance resembling plumbago. A few instances of this kind I add here, as they 
will be interesting to persons who employ iron for various purposes. 

Dr. Henry observed that when cast iron was left in contact with muriate of lime, 
or muriate of magnesia, most of the iron was removed, the specific gravity of the 
mass was reduced to 2 155, and what remained consisted chiefly of plumbago, and the 
impurities usually found in cast iron.* 

A similar change was produced in some cast iron cylinders used to apply the 
weaver's dressing to cloth : this dressing is a kind of paste, made of wheat or barley - 
meaL The corrosion of the cylinders took place repeatedly, and was so rapid that it 
was found necessary to use wooden ones. Dr. Thomson ascribes the change to the 
acid formed by the paste turning sour.t 

Another instance of greater importance has been accorded by Mr. Brande. A portion 
of a cast iron gun had undergone a like change from being long immersed in sea-water. 
To the depth of an inch it was converted into a substance having all the external 
characters of plumbago ; it was easily cut, greasy to the feel, and made a black streak 
upon paper.* The component parts of this substance were in the ratio of 

Oxide of iron . . .81 
Plumbago . . . .16 

07 

Mr. Brande could not detect any silica in it ; and remarks, that anchors and other 
articles of wrought iron, when similarly exposed, are only superficially oxidized, and 
exhibit no other peculiar appearance. 

Near the town of Xewbaven, in America, a cannon ball was discovered, which it was 
ascertained had lain undisturbed about forty-two years in ground kept constantly 
moist by sea-water : the diameter of the ball was 3"87 inches, and with a common 
saw a section was easily made through a coat of plumbaginous matter, which at the 
place of incision was half an inch thick ; but its thickness varied in different places. 
The plumbago cut with the same ease, gave the same streak to paper, and had in 
every respect the properties of common black lead. 

A cannon ball had undergone a similar change, which was taken from the wreck of 
a vessel that appeared to have been many years under water ; the ball was covered 
by oysters firmly adhering to it, and its external part was converted into plumbago. 

• Dr. Thomson's Annals of Phiksophv, vol. v. p. CC. 
t Mem, vol. x. p. 302. 

Z Quarterly Journal of Sciene*. id. xo. ^. W . 
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But an old cannon fonud covered with oysters did not, ou the removal of its coating, 
show any signs of such conversion. * 

The render who wishes to pursue tins interesting subject may consult an article 
" On the Mechanical Structure of Iron developed by Solution," Ac, by Mr. Danicll,t 
who has made several experiments with o view to determine the nuturo of the 
substance resembling plumbago, which is found on the surface of iron after it lias 
tMMB exposed to the action of an acid. 

Mr. Darnell found that the struetnre of iron, as developed by sol ntion, was very 
diflcrcnt in different kinds ; and that it required thrco times as lurtg to saturate ■ 
given portion of acid when it acted ou white cast iron, as when it uctcd on the gray 
kind. 

• Phillips's Annals of Philosophy, vol. iv. p. 77. 1838, 

+ Quarterly Journal of Science, vol. ii. p. 278. Much additional information on the 
effect of water upon iron will be obtained from the Report of Mr. Mallet "upon the Action 
of Sea and River Water, whether clear or foul, and at various temperatures, upon Cut 
and Wrought Iron." British Association, vols. vii. and viii. — Epitor. 
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PLATE I. 

Fig. 1. A bar supported at the ends, and loaded in the middle of the length. Seo 
art 8. 

Fig. 2. A beam with the load uniformly distributed over the length, as the experi- 
ment, art. 61, was tried. See art. 20 and 61. 

Flo. 3. The form for a beam of uniform strength to resist the action of a load at C. 
A CD and BCD are semi-parabolas, A and B being the vertices. The dotted 
lines show the additions to this form to render it of practical use. See art. 27, 
123, and 223-229. 

Fig. 4. A form for a beam which is as nearly of uniform resistance as practical con- 
ditions will admit of : it is bounded by straight lines, and the depths at the 
ends are each half the depth in the middle. See art. 17 (Ex. 7), 28, 65, 127, 
and 230-234. 

Fig. 5. A variation of the last form for the case where the force sometimes acts 
upwards and sometimes downwards. See art. 29, 127, and 230-234. 

Fig. 6. A figure of uniform strength for a beam, when the depth is uniform. See 
art. 30, 122, and 242-246. 

Fig. 7. A modification of fig. 6, which is the most economical form of equal strength 
for resistance to pressure. B' is the form of the end. See art. 30. 

Flo. 8. The form of equal resistance for a load rolling along the upper side, as in a 
railway ; or for a load uniformly distributed over the length. A C B is half an 
ellipse. The dotted lines show the addition required in practice. See art. 32, 
125, 240, and 241. 

Fig. 9. The strongest form of section for a beam to resist a cross strain. AM is tho 
line called the neutral axis. See art. 40, 64, 116, 185-197, and 321. 

Fig. 10 shows an application of the section, fig. 9, to form a fire-proof floor, the 
projection serving tho doublo purpose of giving additional strength, and forming 
a support for the arches. See art. 40 and 194. 



PLATE II. 

Fig. 11. This is the figure of a very economical beam for supporting a load diffused 
over its length : it is adapted for girders, beams to support walls, and the like. 
An easy rule for proportioning girders is given in art. 50. When this form is 
used for a girder, the openings answer for inserting cross joists. AB and CD 
show the sections at these places. See art. 21 (Ex. 12), 41, 43, 117, 198-210, 
and 323. 
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rio. 12. This figure shows ■ benm on the same principle as the preceding figure, 
except that the loml is supposed to act only at one point A. See urt. 43, 44, 117, 
mid 193-210. 

Flo. 13. The section of u shaft, commonly called a feathered shaft. See art. 46. 
Fig. 14. A figure to illustrate tin- ii' timi of forces upon a beam, an-1 to explain the 

awdfl of Ciikulntioa. Sec art. 106, 108, 131, ami lfi4. 
Flo. 15. A section of I he beam in fig. 14, at BIJ. This section i* supposed to In: 

divided into thiti lamiu». See art. 106. 
Fi<;. 16. A figure to illustrate the method of calculating the deflexion of beams. In 

these figures (fig*. 14 and 16) I have regurdod distinctness of the parts referred 

to more than the true relation of the jvuts to oue another. See urt. 120. 
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Fjo. 17 is to illustrate the ciruumstances which take jilnce in the deflexion of beams 
fixed at one end. Sec art. 133 and 154. 

Fig. 18. To explain the mode or calculating the strength of cranks. Bee art. 135, 

Fm. 10. A figure to cxplnin the manner of estimating the strength and deflexion of 
n bUbn supported ut the ends. See urt. 136, 143, 146, 149, und 165. 

Flu. 20. A figure to show how to calculate the strain upon a beam when a load is 
<ustributed in any regular manner over it. The load being uniform, ad is the 
lino which represents its upper surface ; when the loud increases as the distance 
from the Bud A, cd is the line bounding it ; and when the load increases as the 
square of tin; distance from A, 6rf is the line bounding it. The second case is 
the same as the pressure of a fluid against a vertical sheet fixed nf. the ends. See 
art. 138-141, and 1(10. 

Flo. 21. AC B is the form of equal strength for a uniform load : it is in tin's figure 
applied to the cantilever of a balcony, and whatever ornamental fonn may be 
given to the under side, it should not bo cut within the line B C. Sec art. 34, 
13U, and 157. 

Fro. 2*2. When the section i* of the fonn C" D', and the breadth uniform, the figure 
of equal strength for a load in the middle is formed by two semi-parabolas (us in 
fig. 3), shown by the dotted lines ; and it may he formed for practical application, 
as shown in the figure. See art. 187, 223-227. 

Fi«. 23 is a figure to illustrate the nature of variable forces. See art. 23. 1 ). 

Fic, 24. If the section of a beam he CD', and the breadth uniform, the form of 
equal strength for a uniform land, as in girders for floors, is a semi-ellipse, 
shown by the dotted lines ) and also when the load rolls or slides over it ; and it 
may Is) formed for practical application, aa the figure ; and an easy rule lor 
girders of this kind is given in page 42. See art. 21 (Ex. 13), 188, 1»8, 240, 
241, and 322. 

PLATE IV. 

Fic. 25 represents a beam fixed at one end ; a' b' is its seetion ; the loml noting at 
the end C, the figure of equal resistance, is a semi-parabola. See art, 1[»C and 
223-229. 

Fio. 26. Form suitable for the bonni of n steam -engine to the form of section a' V. 
See art, 40, Ipfl, 222, rind 223-229. 
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Flo. 27. A sketch for a beam to bear a considerable load distributed uniformly over 
its length, when tho span is so much as to render it necessary to cast it in two 
pieces. The connexion may be made by a plato of wrought iron on each side at 
C, with indents to tit the corresponding parts of the beam. Wrought iron should 
be preferred for the connecting plates, because, being more ductile, it is more 
safe. See the next figure and art. 198-210. 

Fio. 28 shows tho under side of the beam in the preceding figure. Tho plates are 
held togethor by bolts ; but it is intended that the strength should depend on 
the incidents, the bolts being only to hold them together. No connexion is 
wanted at the upper side of the beam, except a bolt c d, or like contrivance, to 
steady it. See art. 199. 

Fio. 29. A figure to explain the nature of the resistance to twisting or torsion. See 
art. 263. 

Fio. 80. A figure to illustrate the action of tho straining forco on columns, posts, 

and the like. See art. 276. 
Fio. 81. To explain the effect of settlement or other derangement of the straining 

force. See art 10 and 281. 
Fio. 82. Another caso of settlement or derangement of tho straining force on a 

column considered. See art. 283. 
Fio. 33. To show why columus should not bo enlarged at the top or bottom. See 

art. 283. 

Fio. 34. A sketch for an open beam recommended for an engine beam. See art. 
350. In small beams tho middle part may be left wholly open, except at the 
centre. Capt Katcr has used this form for the beam of a delicate balance. 
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1 . In the preceding Work the very ingenious Author has 
confined his reasonings chiefly to the effects produced upon 
bodies by forces, which were small comparatively to those 
necessary to produce fracture. In this Second, or Additional 
Part, I shall generally give the ultimate strength of the bodies 
experimented upon, and endeavour to show the laws, or 
illustrate the phenomena, attendant upon fracture. The 
conclusions in this Part will be drawn from experiments 
mostly made since Mr. Trcdgold wroto his Work upon Cast 
Iron, at which time there was confessedly a want of experi- 
mental information upon the subject in this country ; and we 
were but slightly acquainted with what had been done upon 
the Continent. Having for many years devoted a portion of 
my time to experimental research on the strength of materials, 
in which the expense was borne by my liberal friend William 
Fairbami, Esq., whoso extensive mechanical establishment, at 
Manchester, enabled him to offer me every facility for the 
purpose, I have obtained a large mass of facts on most of the 
subjects connected with the strength of materials. Mr. 
Fairbairn has likewise published the results of a great number 
of well-conducted experiments upon the transverse strength of 
bars of cast iron. An abstract, therefore, of the leading 
cxperimcuts made at Mr. Fairbairn's Works, and of those 
given by Navicr, Rennie, Bramah, and others, with theoretical 
considerations, is all that can be attempted iu this AddvlvavvsL 
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Part; pointing out, as I proceed, whatever has a bearing upon 
the conclusions of Tredgold in the body of the Work. 



TENSILE BTBENGTH OF CAST IRON. 

2. To determine the direct tensile strength of cast iron, I 
had models made of the form in Plate E. fig. 1. 

The castings from these models were very strong at the 
ends, in order that they might be perfectly rigid there, and 
had their transverse section, for about a foot in the middle, of 
the form in fig. 2. This part, which was weaker than the 
ends, was intended to be torn asunder by a force acting per- 
pendicularly through its centre. The ends of the castings 
had eyes made though them, with a part more prominent 
than the rest in the middle of the casting, where the eye 
passed through ; fig. 3 represents a section of the eye. The 
intention of this was that bolts passing through the eyes, and 
having shackles attached to them, by which to tear the 
casting asunder, would rest upon this prominent part in the 
middle, and therefore upon a point passing in a direct line 
through the axis of the casting. Several of the castings were 
torn asunder by the machine for testing iron cables, belonging 
to the Corporation of Liverpool ; the results from these are 
marked with an asterisk. Others were made in the same 
manner, but of smaller transverse area ; these were broken by 
means of Mr. Fairbaim's lever (Plate II. rig. 40), which was 
adapted so as to be well suited for the purpose. 

The form of casting here used was chosen to obviate the 
objections made by Mr. Tredgold (art 79 and SO) and others 
against the conclusions of former experimenters. The results 
are as follow : 
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4. The preceding Tnble, excepting the two last lines, is 
extracted from my Report on the strength and other pro- 
perties of cost iron obtained by hot and cold blast, in vol. vi. 
of the British Association. 



5. In the Second volume published by the Association, 
there are given the results of n few experiments, which I 
made to determine the tensile strength of cast iron of the 
following mixture : Blaina No. 2 (Welsh), Blaina No. 3, and 
"VV. S. S., No. 3 (Shropshire), each in equal portions.* 

(>. In these experiments the intention was to determine, 
first, the direct tensile strength of a rectangular mass, when 
drawn through its axis, and next the strength of such a mass, 
when the force was in the direction of its side. The castings 
for the experiments on the central strain were of the form 
previously described ; and in the others the force was exactly 

• This mixture of iron is the same as I had employed to some- experiments on tho 
strength and beet forms of cost iron beams (Memoirs of the Literary nnd Philosophical 
Society of Manchester, vol. v., Second Scriep), of which an account will bo given 
farther on. 
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along the side. The experiments were made by means of the 
Liverpool testing machine. 



7. Forte up t/it midtilr. 



Experi- 
ment*. 


Area of sootlnn 
Id jinrUuf all 
Inch. 


Breaking 
tou*. 


Strength per square inch. 


1 
2 
8 
4 


SOI 2 

2-97 

3'OM 

996 


aas 

21-0 
25-6 
19 5 


7-47) ton.. 

7- 07 J mean 7'0S = 17130 lis. 

8- 41 ) 

6 59 different quality of iron. 


8. Puree along Hie tiiit. 


Exiwri- 
llioliU. 


Aron of «*ction 
lu parti of an 

1MB. 


Br9»kin« 
weight In 
tvBS. 


Hlrcngth ]>er iqiuiro inch. 


5 
6 


4-S3 
4815 


11-5 
1375 


jjjj j mean 2 62 ton* 



0. Whence we see that the strength of a rectangular piece 
of cast iron, drawn along the side, is about one- third, or a 
little more, of its strength to resist a central strain, since 
3 x 2 G2= 7SG is somewhat greater than 7 03. Mr. Tredgold 
computed that, if the elasticity remained perfect, the strength 
in these two cases would be as 4 to 1 (art. 281). 

10. The following Table, calculated from one given by 
Navier (Application de la Mecanique), contains the results of 
several experiments made in 1815 by Minard and Dcsormes 
upon the direct tensile strength of cylindrical pieces of enst 
iron, of which the specific gravity was 7'074. The results 
from the experiments which they have given on defective 
specimens are here rejected. 
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11. Since n square millimetre is '001550059 of an English 
square inch, and n kilogramme = 2 205 of a pound avoir- 
dupois, multiplying the kilogramme per square millimetre, in 
the last column of the Table above, by 2205, and dividing 
the product by -001; 550059, and by 2240, the number of 
pounds in a ton, gives the number of tons per square inch 
which the iron required to tear it asunder. Or if wc 
multiply the numbers in the last column but one by "63500, 
we obtain the same result; and thus the last column was 
formed. 

12. Wc find from these experiments that the strength of the 
weakest specimon was 5 0U tons per square inch, that of the 
strongest (18 tons, and the mean strength from all the 
specimens was 7 10 tons. 

13. In my own experiments given above, in which every 
care was taken both to form the castings in such a manner as 
to obviate theoretical objections, and to obtain accurate 
results, the strengths varied from tons to 0£ tons per square 
inch, the mean from twenty -five experiments being 16,505ths. 
or 7 37 tons nearly. These experiments were upon iron 
obtained from various parts of England, Scotland, and Wales ; 
and in no case, except one, was it found to bear more than 

tons per square inch. With these facts before the reader 
he will, I conceive, be unable to see how the mean tensile 
strength of cast iron can properly be assumed at more than 
7 or 7£ tons per square inch ; but some of our best writers 
have, by calculating the tensile strength from experiments on 
the transverse, arrived at the conclusion that the strength of 
cast iron is 1 0, or cvon 20 tons, or more. Mr. Barlow conceives 
it to be upwards of 10 tons (Treatiso on Strength of Timber, 
Cast Iron, &o., p. 222), and Mr. Trcdgold makes it at least 
20 (art. 72 to 70). The reasoning of Mr. Trcdgold, by 
which he nrrives at this erroneous conclusion, with others 
resulting from it, will be examined at length under the head 
" Transverse Strength." Navier, too, (Application de la 
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Mecanique, article 4,) calculates the tensile strength of cast 
iron from principles somewhat similar to those assumed by 
Tredgold, and finds it much too high. 



STRENGTH OF CAST IRON AND OTHER MATERIALS TO 
RESIST COMPRESSION. 

14. On this subject there was acknowledged to exist a 
greater want of experimental research than on any other 
connected with the strength of materials. Feeling this to be 
the case, I have done all that I could, without too lavish a 
use of the means intrusted to me, to supply the deficiency. 

15. The matter will be classed under two heads. 1st. The 
resistance of bodies which are so short, compared with their 
lateral dimensions, as to be crushed with little or no flexure. 
2nd. The resistance of pillars long enough to break by 
flexure. 

RESISTANCE OF SHORT MASSES TO A CRUSHING FORCE. 

1C. On this subject I shall give, as before, an abstract 
from my Report on the strength and other properties of hot 
and cold blast iron, in the sixth volume of the British 
Association, referring for more information to the Work itself. 
Great diversity exists in the conclusions of former experi- 
menters upon the matter. Ron del et found (Traite de I'Alt 
de b&tir) that cubes of malleable iron, and prisms of various 
kinds of stone, were crushed with forces which were directly 
as the area, whilst from Mr. Ronnie's experiments, both upon 
cast iron and wood, it would appear that the resistance 
increases, particularly in the latter, in a much higher ratio 
than the area (Mr. Barlow's Treatise on the Strength of 
Materials, art. 112). With respect to M. Rondelet's con- 
clusions, that cubes of malleable iron resisted crushing with 
forces proportional to their areas, and that to such a degree, 
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that when in his experiments the area was increased four 
times, this ratio did not differ from the result so much as a 
fiftieth part, I am strongly persuaded that wrought iron does 
not admit of such precision of judging when crushing 
commences, as to enable any conclusion to be easily drawn 
with respect to its proportionate resistance to crashing. A 
prism of that metal becomes slightly flattened and enlarged 
in diameter with about 9 or 10 tons per square inch, and this 
effect increases as the weight is increased ; but there is no 
abrupt change in the metal by disunion of the parts, as in 
cast iron, wood, &c. 

17. With respect to the experiments of Mr. Rennie, the 
lever used in performing them would not during its descent 
act uniformly upon all parts of the specimen ; and therefore 
the results would be liable to objection. I endeavoured there- 
fore, by repenting, with considerable variations, in the Report 
above named, the ingenious experiments of Mr. Rennie, to 
arrive at some definite conclusions upon the subject. 

IS. In order to effect this, it was thought best to crush 
the object between two flat surfaces, taking care that these 
were kept perfectly parallel, and that the ends of the prism 
to be crushed were turned parallel, and at right angles to 
their axes;' so that when the specimen was placed between 
the crushing surfaces its ends might be completely bedded 
upon them. Tor this purpose a hole, 1^ inch diameter, was 
drilled through a block of cast iron, about 5 or inches 
square, and two steel bolts were made which just fitted this 
hole, but passed easily through it ; the shortest of these bolts 
was about \ \ inch long, and the other about 5 inches ; the 
ends of these bolts were hardened, having previously been 
turned quite flat and perpendicular to their axes, except one 
end of the larger bolt, which was rounded. The specimen 
was crushed between the flat ends of these bolts, which were 
kept parallel by the block of iron in which they were inserted. 
See fig. 4, where A and B represent the bolts, with the prism 



C between them, and D E the block of iron. During the 
experiment the block and bolt B rested upon a flat surface of 
iron, and the rounded end of the bolt A was pressed upon by 
the lever. There was another holo drilled through the block 
at right nngles to that previously described ; this was done in 
order that the specimen might be examined during the experi- 
ment, and previous to it, to sec that it was properly bedded. 

10. The specimens wero crushed by means of the lever 
represented in Plate II. fig. 40, the bolt A (Plate I. fig. 4) 
being placed under it in the manner the pillar is there 
described to be. In the experiments the lever was kept as 
nearly horizontal as possible. 

The results of the first experiments I made are given in the 
following Table I 

20. Tabulated rttull* of e.r/,erimetiti ui'.vit tu aieertttiit the vtiyhlt nttt**ary to ertuk 
given cylinder*, ofeant iron, oflkt quality ;Va. 2, /runt the C'itrr»u J run Work*. 
The tptcimen* in lite .first three eoluuxnt of remlu were from cylinder* rait fir the 
purprve, and turned m the right rise ; the 4 hrh from (Aw of al*>iii j inch, <fce. 



1 

! 


in 

ill 


Hi 
111 


Pi 

is* 

III 


1 

ft i 
Jfet 

O V » s 

if Ji 

31 j 


Ri|(l>< 1 •!. >, 

bust.' on ci|tiiin- 
U'tnl triangle, 
cinruniMsriMug 
itii J inch i y lin 
1 i 1 i . it" mdeu 

bum* bm in., 

nre» "Mt7. 

CrtoliiAg 

woiijlit. 


BkjM |>ri»tn«. 

HM RqllArcn, 
J inch tho Jiitle, 

(lit fiilt fif «o 
inch iqunro bar, 
ar»» '250. 
Cnuhing 
weight. 


H if lit jirinns, 
1 00 x 251 Inch. 

cut out nf a h*i 

H inch tmnuv, 
ureit -ilfil lltoh. 
Crushing 

weight, 




n.». 


It*. 


It*. 


— — — 

■a, 








4 inch. 


I 8737 ) 
(S145 1 


18.882 


30,461 










1 do. 


«818 


10,474 26,983 










1 do. 


65U3 


13.736 26,412 










4 do. 


0301 


13,0381 24,210 






2:.. 721 


27,137 


; do. 
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35,888 
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31,343 


23,950 


26,151 


11 do. 




14,190; 24,177 






11 do. 




14,143 


23,4.13 










2 do. 




13,800, 21,828 











II. By comparing the results in each vertical column, wo 
see that the shorter specimens generally bear more than the 
larger ones of the same diameter, or dimensions of base. In 
the shortest specimens fracture takes place by the middle 
becoming flattened and increased in breadth, so as to burst 
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the surrounding parts, ond cause them to be crumbled and 
broken in pieces. This is usually the case when the lateral 
dimensions of the prism are large compared with tho height. 
When they ore equal to, or less than the height, fracture is 
caused by the body becoming divided diagonally in ouc or 
more directions. In this case the prism, in cost iron at least, 
either does not bend before fracture, or bends very slightly ; 
and therefore the fracture takes place by the two cuds of the 
specimen forming cones or pyramids, which split the sides 
and throw tlicm out ; or, as is more generally the case in 
cylindrical specimens, by a wedge sliding off, starting at one 
of the ends, and having the whole end for its base; tins 
wedge being at an angle which is constant in the same 
material, though different in different materials. In cast iron 
the angle is such that the height of the wedge is somewhat 
less than & of the diameter. The forms of fracture in these 
cases may be seen from Plate I., in which fig. 5 represents a 
cylinder before fracture, and fig. 6 the same cylinder after- 
wards ; a port in the form of a wedge having separated from 
one side of it, ond the remainder being shortened and bulged 
out in the middle, which is very obvious in experiments on 
soft cast iron. Pigs. 7 and 8 represent another cylinder 
before and after fracture : in fig. 8 the sides are separated by 
the action of two cones, having the ends of the cylinder for 
the bases, and the vertices with sharp edges or points formed 
near to tho centre of the cylinder, but inclined a little from 
the nxis, so that they may slip past each other, and divide the 
mass without injury to the cones, rigs. 9 and 10 show the 
same thing as the two preceding figures; and fig. 11 is a 
representation of one of the cones, the vertex being sharp, 
as above mentioned. Fig. 12 is another cylinder, of soft cast 
iron, showing the directions of the fractures, but not sepa- 
rated. Fig. 18 was a cylinder too short to be crushed in the 
ordinary way; but the centre shows the rudiments of a cone, 
throwing out the surrounding parts. Fig. 14 represents a 
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rectangular prism; and figs. 15 and 1G the modes of its 
fracture. Figs. 17 and IS represent a whole and fractured 
prism ; and the same is the case with respect to figs. 1 9 and 
20. In fig. 20 the sharp-pointed pyramid, with the lower 
side of the specimen for its base, is very clearly shown j it hns 
cut up the prism, separating the sides, and left a number of 
sharp-edged parts, all of which have slid off in the angle of 
least resistance. Figs. 21 and 22 exhibit the appearance of 
a triangular prism, before and after fracture; two pyramids, 
formed as usual, with their bases at the ends, and the vertices 
towards the centre, have tlirown out the angular parts. The 
parts, so separated, have in prisms of every form a general 
resemblance, and the form of the pyramidal wedge has con- 
siderable interest, as it is that of least resistance in cast iron, 
and furnishes hints as to the best forms of cutters for that 
metal. Further investigations upon the subject of this article, 
of a theoretical nature, will be given on a future occasion. 

22. The mode of fracture is the same, and the strength of 
the specimen very little diminished, by any increase of its 
height, whilst its lateral dimensions are the same, provided 
the height be greater than the diameter, when the body is a 
cylinder, but not greater, in cast iron, than four or five times 
the diameter, or least lateral dimension in specimens not 
cylindrical. If the length be greater than this, the body 
bends with the pressure, and though it may break by sliding 
off as before, the strength is much decreased. In cases 
where the length is much greater than as above, the body 
breaks across, as if bent by a transverse pressure. 

23. The preceding Table was formed by taking the means 
from results on the resistance to crushing of specimens of 
equal size in Carron Iron, No. 2, one Table being on hot 
blast iron, and the other cold ; the mean from the results 
being given here in one Table, in preference to the two 
Tables at large, as in the volume of the Association • since 
most of the results thus obtained are means from several ex- 
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pcriiucnts ; and there was very little difference in the strength 
of the hot and cold blast iron of this description to resist 
crushing. 

24. Comparing the results in the different vertical columns 
of the Tabic, it appears that the strength of the specimens 
was nearly as the area of their transverse section. Thus the 
cylinders ^ inch in diameter liore nearly four times as much 
as those of J inch. The falling off from this proportion iu 
the strength of some of the larger specimens, I attribute to 
those having been cut out. of larger (and consequently softer) 
masses of the iron than the small specimens. 

25. To obtain further evidence on the matter I crushed in 
the same manner twelve right cylinders of Teak-wood, | inch, 
1 inch, and 2 inches diameter, four of each, the latter eight 
out of the same piece of wood ; the height in each case was 
double the diameter. The pressure was in the direction of 
the fibres. The strengths were as below. 



Cylinder* 


Cylinders 


Cy Undent 


J iucli dlaiuetcr. 


1 in.-li diameter. 


2 luetic* diameter. 


2385 ) 


10507 1 


3S909 ) 


SMS I mean 


9499 ( meiui 


39721 f mean 


2643 12439 lbs. 


10007 4 10171 n*. 


41294 I 40304 Ita. 


ass* ) 


10171 ) 


41294 J 



2G. The mean crushing weights above are nearly as 25, 
100, and 400, which is the ratio of the areas of the sections 
of the cylinders. The strengths are therefore as the areas, 
though these vary as 4 and 10 to 1. 

27. Iu this and every other kind of timber, like as in iron 
and crystalline bodies generally, crushing takes place by 
wedges sliding off in angles with their base, which may be 
considered constant in the same material : hence the strength 
to resist crushing will be as the area of fracture, and con- 
sequently as the direct transverse area; since the area of 
fracture would, in the same material, always be equal to the 
direct transverse area, multiplied by a constant quantity. 

28. In estimating the resistance, per square inch, of the 
iron above to a crushing force, I shall mostly confine myself 
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to such specimens as vary in height from about llic length of 
the wedge, which would slido off to twice its length, — say, 
such as have their height from TJ- to 3 times the diameter, — 
thus avoiding the results from prisms which, through then- 
shortness, coidd not break by a wedge sliding off at its 
proper angle, and therefore must offer an increased resis- 
tance ; and those whose extra length would enable them to 
bend before sliding off, aud thus have their strength reduced. 
1 shall here take the results from my experiments upon the 
hot and cold blast iron separately, that the difference may be 
seen ; the iron being of the same materials in the two cases, 
and affected only by the heat of the blast used in its 
preparation. 

The results are in the following Tables, 
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30. RtriMance of Cold Htatl Iron (LVinvwi, A'.f. 2) lu a critxhimj fane. 
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31. Comparing the results in these two Tables, it will be 
seen, as has been mentioned before, that the Carron Iron, 
No. 2, offers but little difference of resistance to a crushing 
force, whether the iron be prepared with a hot or a cold 
blast. The falling off in the resistance per square inch in the 
latter class of experiments, in each Table, compared with the 
former, has been attempted to be accounted for by the iron 
out of which the larger specimens were cut being softer and 
weaker than the thin cylinders out of which the smaller 
specimens were obtained. 

32. The resistances of other species of cast iron to a 
crushing force, obtained in the same manner as above, are as 
in the following Table. 
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33. The ratios of the forces necessary to crush and tear 
equal masses of cast iron may now be obtained ; the experi- 
ments of which I have given the results, in this and the 
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preceding article, will supply those ratios which are in the 
following Table. 
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110,908 
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34. From this Table it uppears that cast iron requires from 
4*337 to $'498 times as much force to crush it as to tear it 
asunder, the mean being G*5!)5. I conceive, however, this 
mean to be too low ; it would have been between 7 and S if 
the prisms which were crushed had been cut out of the same 
masses as those which were torn asunder ; but they were in 
many instances out of larger castings, which, being softer, 
offered less resistance. 



STRENGTH OF LONG riLLAHS. 

35. I shall here consider such pillars as are too long to 
break by sliding off, as in the last article. This class will 
include all such as are usually made of iron or timber, the 
lengths of the shortest of which are generally many times 
their lateral dimensions; and it has been remarked before, 
that in some cases right cylinders of cast iron, whose length 
did not exceed 5 times the diameter, became bent under a 
direct force of compression, so as to break nearly straight 
across in the manner of longer columns. 

The acknowledged want of practical information upon this 







■STRENGTH OF LONG PILLARS. 241 



subject,* and its great importance, made me anxious to 
undertake an extensive series of experiments upon it, such as 
would confirm or show the error of existing theories, and give 
such information as would be of real service to the engineer 
and architect, whilst they tended to unfold the laws that 
regulate the strength of pillars. This wish was, as on other 
occasions, cheerfully responded to by my friend William 
Fairbaim, Esq., at whose expense the extensive scries of 
experiments, of which the following is an abstract f was 
made. 

36. In the original Paper the experiments arc contained in 
thirteen Tables,}: as below. 

Cast Inos. 

No. of 

bpatanttt 

Talk- 1. Solid uniform cylindrical pillars, with rounded ouda (fig. 23) . $5 

II. Do., with il it ends (tig. 26) 65 

III. Solid uniform square pillars, with rounded ends (fig. 28.) . . 7 

IV, Solid uniform cylindrical pillars, with discs (fig. 27) . . . 12 
V. Do., with endB rounded (fig. 23), rounded and flat (fig. 21), and 

botli ends flat (fig. 26) 23 

VI. Solid cylindrical pillars, enlarged middle, rounded ends (fiy. 81) , 7 

"VII. Do., da, discs on ends (fig. 32) 4 

VIII. Hollow uniform cylinders, rounded ends (fig. 36) ... 10 

IX. Do., with flat ends (fig. 87) 11 

X. Short hollow uniform cylinders, with Bat endfi (fig. 37) . . 13 

XI. Pillar?, hollow and solid, of various forms, and different modes of 
fixing (figs. 33, 31, 35, 38, 39) 10 

Weooght Iron and Stkel. 

XII. Solid uniform cylindrical pillars of these metals (figs. 23, 24, 25, 
26, 27) 30 

Wood. 

XIIJ, Pillars of oak on«l red deal, square and other rectangular forma 

(figs, 28, 2!>, 30, kc) 21 

Number of experimentd ..... 277 



' Dr. Eobison (Mechanical Philosophy, vol. i.) and Mr. Barlow (Koport to tho 
British Association) have Btrongly expressed their opinion of our want ol information, 
upon it; and the British A&soeiation have mentioned such experiments as among th« 
desiderata of Practical Science. 

t See Experimental Researches on the Strength of hilars of Cast Iron and other 
Materials.— Phil. Trans, of the Royal 8ocicty, Part IL 1840. 
t Abstract* of Tables I , II., VIII., IX., X., are given in th- "—em* work. 
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37. The- drawing, Plato II. fig. 40, will show how tho 
experiments were mode. The pillars were placed vertically, 
resting upon a flat smooth plate of hardened steel, laid upon 
a cast iron shelf, E, made very strong, and lying horizontally. 
The pressure was communicated to the upper end of the 
pillar by means of the lever, A B, acting upon a bolt, C, of 
hardened steel, 2£ inches diameter, and about a foot long, 
kept vertical by being made to pass through a hole bored in 
a deep mass, D, of enst iron, the hole being so turned as just 
to let the bolt slide easily through without lateral play. The 
top of the bolt was hemispherical, that the pressure from the 
lever might act through the axis of it ; and the bottom was 
turned flat to rest upon the pillar, I K. The bottom of this 
bolt, and the shelf on which the pillar stood, were necessarily 
kept parallel to each other j for the mass through which the 
bolt passed, and that on which the shelf rested, were parts of 
the same large case, D F G, of iron, cast in one piece, and so 
formed as to admit shelves at various heights for breaking 
pillars of different lengths. The caso had three of its four 
sides closed ; circular apertures were, however, made through 
them, that the experimenter might observe the pillar without 
danger. 

38. With a view to developo the laws connecting the 
strength of cast iron pillars with their dimensions, they were 
broken of various lengths, from feet to 1 inch, and their 
diameters varied from \ an inch to 2 inches in solid pillars ; 
and in hollow ones the length was increased to 7 feet G inches, 
and the diameter to 3^ inches. My first object was to supply 
the deficiencies of Eider's theory of the strength of pillars 
(Academic de Berlin, 1757,) if it should appear capable of 
being rendered practically useful ; and if not, to endeavour to 
adapt the experiments so as to lend to useful conclusions. 
As the results of the experiments were intended to he com- 
pared together, it was desirable that all the pillars of east iron 
should be from one species of metal 5 and the description 
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chosen was a Yorkshire iron, the Low Moor, No. 3, which is 
a good iron, not very hard, and differs not widely from that 
called No. 2. The pillars were mostly made cylindrical, as 
that seemed a more convenient form in experiments of this 
kind than the square; for square pillars do not bend or break 
in a direction parallel to their sides, but to their dingouals, 
nearly. The experiments in the first Table wcro made on 
solid uniform pillars rounded at the ends to render them 
capable of turning easily there, and that the force might be 
through the axis ; and in the second Table the pillars were 
uniform and cylindrical, as before, but had their ends flat and 
at right angles to the axis ; so that the whole end of the 
pillar might be pressed upon, instead of the axis only, as in 
the last case ; thus rendering the pillar incapable of moving at 
the ends. In the fifth Table (art. 30) uniform pillars, with 
one end rounded and one flat, were used ; and to prove the 
constant connexion (in any particular material) between the 
results of these three kinds of pillars, all of equal dimensions, 
enters largely into the other Tables, which arc occupied like- 
wise in inquiries into the strength of hollow cylindrical 
pillars, and others of different forms. 

3'J. RESULTS. 

1st. In all long pillars of the samo dimensions, the 
resistance to fracture by flexure is about three times greater 
when the ends of the pillar are flat and firmly bedded, than 
when they are rounded and capable of turning.* 

2nd. The strength of a pillar, with one end round and the 
other flat, is the arithmetical mean between that of a pillar of 
the same dimensions with both ends rounded, and with both 
ends flat. Thus, of three cylindrical pillars, all of the same 
length and diameter, the first having its ends rounded, the 
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TTiia will l>o seen by comparing the results from the longer ni!Ur» of equal liti in 
Tables I. and II., pnge 211, of winch ubatraota are given fur 
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second with one end rounded and one flat, and the third with 
both ends flat, the strengths are as 1, 2, 3 , nearly.* 

3rd. A long uniform pillar, with its ends firmly fixed, 
whether by discs or otherwise, has the same power to resist 
breaking as a pillar of the same diameter, and half the length, 
with the ends rounded or turned so that the force would pass 
through the axis. 

The preceding properties were found to exist in long pillars 
of steel, wrought iron, and wood. 

4th. The experiments in Tables VI. and VII. (art. 36) 
show that some additional strength is given to a pillar by 
enlarging its diameter in the middle part ; this increase docs 
not, however, appear to be more than yth or -|th of the 
breaking weight. 

5th. The index of the power of the diameter, to which the 
strength of long pillars of cast iron, with rounded ends, is 
proportional, is 376, nearly ; and 3'55 in those with flat 
ends ; as appeared from means between the results of a great 
number of experiments ; f or the strength of both may be 
taken ns following the 3'fi power of the diameter, nearly. 

Cth. In cast iron pillars of the same thickness the strength 
is inversely proportional to the 17 power of the length, 
nearly \ 

40. Thus the strength of a solid pillar of that material, 
with rounded ends, the diameter of the pillar being d and the 
length /, is, as 

d** 

p3 • 



• This WH8 proved by Table V., page 241, and the next conclusion was obtained by 
a like comparison of results. 

+ The pillar* with rounded ends, compared together, varied in diameter (or aide of 
square) from 4 ' nca to 2 inchea. There were seventeen of them, and the largest 
exponent of the diameter, to which the strength was in any case proportional, is 
3-928, and the smallest 3 425. The pillars with flat ends, and those with diBCa, com- 
pared as above, were eleven, and their exponcuU varied from 3'922 to 3'412. 

% The exponent 1'7 for the streDgth, according to the inverses power of the longtb, 
ia from experiments upon nineteen pillar.-, varying in longtb. from COS to SIS inches? 
the highest &ud lowest exponents being Vfll MB&VtXV, 
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41. The breaking weights of solid cylindrical cast iron 
pillars, qs appeared from the experiments, are nearly as below. 

In solid pillars with their ends rounded and moveable as 
above, fig. 23, 

Strength in toni = 14 9 * jjj- 

In solid pillars with their ends flat, and incapable of 
motion, fig. 20, 

Strength in tons ■> 4416 * j^j ; 

where / is in feet, and d in inches. 

In hollow pillars nearly the same laws were found to 
obtain • thus, if D and d be the external and internal 
diameters of a cast iron pillar, whose length is /, the strength 
of a hollow pillar of which the ends were moveable, fig. 30, 
(as in the connecting rod of a stenm engine,) would be 
expressed by the formula below. 

Strength ia tons = 13 * m — -• 

In hollow pillars, whose ends are flat, and firmly fixed 
(fig. 37, &c.) by discs or otherwise, I found from the results 
of numerous experiments as before, 

Strength in tons = 44'3 x m 

42. The co-efticients given above in the formulae for the 
strength of solid pillars were obtained as below: — The 14*9 
is the mean result from 18 pillars in Table I., art. 36, 
varying in length from 121 times the diameter down to 15 
times. The 44 - 16, for pillars with flat ends, is similarly 
obtained from 11 pillars in Table II., varying in length from 
7 s to 25 times the diameter. Flat-ended pillars, shorter 
than 25 or 30 times the diameter, require a modification of 
the above rule for their strength; as I found them to be 
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crushed as well as bent by the pressure, and therefore to have 
their strength decreased: the mode I used in this case will be 
seen in arts. 45 to 61, further on. The co-efficients for the 
streugth of hollow pillars were obtained in the same manner 
as those for solid ones ; the 13 is the mean obtained from 1!) 
experiments in Table VIII. upon hollow pillars, with rounded 
caps upon the ends, to make them moveable there like solid 
ones with rounded ends ; this number is too low, as some of 
the first hollow pillars were bad castings. The 44 3, for 
those with flat ends, was obtained from 11 pillars in Table 
IX. ; taking pillars only whose length was more than 25 times 
the external diameter, as in solid ones. 

The Tables from which these results were derived are 
given, slightly abridged, further on. The formuhe for hollow 
pillars were obtained by adapting the results of Eulcr's theory 
to those of experiment, and were found to answer well when 
so altered. According to that theory the strength varies as 

— jr- (Poisson, M&anique, vol. i., 2nd edition, art. 315). 

43. As the above expressions for the strength of pillars 
contain fractional powers of the diameters and lengths, these 
may be taken from the Tables below ; the first Table com- 
prising the involved values in inches of most of the diameters 
in common use; and the second those of the lengths in feet. 
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Table I — f'utccrs of Diamtlrn. 



J'O M - 1 


4 25" = 182 '89 


6-8 M = 998-19 


i ,o*|/ (l .i ■■ ui 

I'SUp** 2'232W 


4 3 " = 190"7B 




IB - 4 3045 


J 1 '1/1 A <*•> /in 

4 4 " = 207-22 


■ A « m mm ri-, a 

7 M = 1102-4 


1/6" = 740/8 


45 "=224 '68 


T'l '••= 1160-2 


ffi i A ft tfl i .11 n k 

20 " = 12-125 


4*6 "= 243 18 


mm n A H t /laid * 

7-2 »■*= 1220 1 


21 *'= 14454 


4 7 " = 282 76 


7-2 6* •= 1260-9 


2-2 ,H, = 17 089 


4 75'-" = 272 96 


7-3 "= 12822 


2 •26"''= 18 529 


4'8 " = 288 44 


7-4 »••= 1846-8 


a'3 20 065 


4 9 "=305-28 


7 5 "=1413 3 




>.n ■ A hap .Rn 

5 ** = 328'82 


7 6 '" = 1482 3 


2 5 3 - 2. 076 


61 *■« = 35258 


[7 " = 1553-7 


S o 31 'lea 


62 3 " = 378 10 


7'75 3J, = 1590-3 


2'7 ■•»»■ 36720 


6 26 3 " = 39136 


"•8 = 1027-6 


2 76 = 38 la 9 


5 3 " = 404 94 


79 '" = 1,040 


3-8 " = 40 710 


6 4 " = 433 13 


8-0 «= 1782-9 


£>9 = "ID IS'tf 


£> J — 111. i J 


.J6 J = luy 1 / 


SO " = 62*198 


6-6 "=493-72 


8-6 ' • = 2217 7 


31 " = 58-738 


5-7 " = 520-20 


8"5'- <i = 2461-7 


8 2 " = tiS 843 


6 76" = 543 01 


9 " = 2724 4 


8-26"-= 69-628 


6 8 " = 560-20 


9-26" = 3008-85 


8-3 " = T3-5A1 


5-9 " = 595-76 


9-5 " = 3309-8 


8 4 **m 81*08 


fO "-632-91 


p-75 3 - ,, = 3634-3 


8-6 » = 90-917 


C-l w = 671-72 


10 3 n - 3981-07 


8 6 M =100 02 


B-2 "=712 22 


]0-26 il6 = 4851-a 


3 7 "=11105 


6 26" = 73311 


10-5 3 fi = 4745 5 


376"= 116-55 


6'3 " = 754-44 


10-75 3 " = 5166H 


8-8 "=122 24 


4 " = 798-45 


11-0 s * = 5610-7 


8 ,J1 =134 23 


65 " = 844-28 


11 25- 1J1 = 6083-4 


4 "=14703 


6 6 " = 891-99 


116 ' " = 6584-3 


m Jt, =i«jo-7o 


6-7 " = 94161 


11 T5 3 • = 71144 


4-2 "=176-26 


0-76" = 907-16 


12 '*= 7674-5 


Table 11. — Puuxrt uf Lenyth*. 


1»*= 1 


41-900 


17' ■' = 123-63 


2 IJ = 3-2400 


10»*— 60119 


18'-« = 130-13 


3'»= 6 4730 


|JW« 68-934 


19'-'= 149-24 


4W« 10-550 


Ll>f>= 68-329 


20' ' = 162-84 


6'* = 15420 


13'?= 78-289 


2V*= 170-92 


6'->= 21 031 


14 l-7 = 68-801 


22' " = 101-48 


7'? = 27 332 


15'-?= 99-851 


23 '** 206-51 


8^ = 34 -207 


xe 1 7 = 111-43 


24 1 '? =222-00 



44. As au example, sujipose it were required to finil the 
strengtli of b hollow cylindrical cast iron pillar. 14 foot long, 
G2 inches external diameter, and 4'1 inches internal; the 
pillar being flat, and well supported, nt the ends. 

From the Tables we obtain 14 u '=88-801 r 6 2 3 6 =712-22, 

and 41^ = 100-70. 1 

712-22—160-70 



Whence strength = 44-3* 



443 x 



S8-301 



=275-1 tons. 
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STRENGTH OF SHORT FLEXIBLE PILLARS. 

45. The formulae above apply to all pillars whose length is 
not less than about 30 times the external diameter; for 
pillars shorter than this, it -will be necessary to modify the 
formulae by other considerations, since in these shorter pillars 
the breaking weight is a considerable proportion of that 
necessary to crush the pillar. 

4G. Thus, considering the pillar as having two functions, 
one to support the weight, and the other to resist flexure, 
it follows that when the material is incompressible (supposing 
such to exist), or when the pressure necessary to break the 
pillar is very small, on account of the greatness of its length 
compared with its lateral dimensions, then the strength of the 
whole transverse section of the pillar will be employed in 
resisting flexure ; when the breaking pressure is half of what 
would be required to crush the material, one half only of the 
strength may be considered as available for resistance to 
flexure, whilst the other half is employed to resist crushing; 
and when, through the shortness of the pillar, the breaking 
weight is so great as to be nearly equal to the crushing force, 
we may consider that no part of the strength of the pillar is 
applied to resist flexure. 

47. This reasoning is supported by the results from a 
number of short pillars of various lengths, from '26 times the 
diameter down to twice the diameter. These pillars were 
reduced to about half the strength, as calculated by the 
preceding formula?, when the length was so small that the 
breaking weight was half of that which would crush the 
pillar ; and the results from short pillars of other lengths were 
in accordance with the preceding reasoning. (See Researches 
on the strength of pillars, &c, art. 39, Phil. Trans. 1840.) 

48. We may therefore separate these effects by taking, in 
imagination, from the pillar (by reducing its breadth, since 
the strong h is as the breadth,) as much as would support the 
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pressure, and considering the remainder as resisting flexure to 
the degrees indicated by the previous rules. 

49. Suppose, then, c to be the force which would crush the 
pillar without flexure ; d the utmost pressure the pillar, as 
flexible, would bear to break it without being weakened by 
crushing (as was shown to take place with a certain pressure 
dependent on the material) ; b the breaking weight, as 
calculated by the preceding formula} for long pillars ; y the 
real breaking weight. 

Then supposing a portion of the pillar, equal to what 
would just be crushed by the pressure d, to be taken away, 
we have c— d— the crushing strength of the remaining part, 

and if— d the weight actually laid upon it. Whence ^~ d = 

the part of this remaining portion of the pillar which has to 
resist crushing, 

C — d c — d 

the part to sustain flexure. 

50. But the strength of the pillar, if rectangular, may be 
supposed to be reduced, by reducing either its breadth, or the 
computed strength of the whole, to the degree indicated by 
the fraction last obtained. In circular pillars this mode is 
not strictly applicable ; but wc obtain a near approximation 
to the breaking weighty, by reducing the calculated value of 
b in that proportion. 

Whence fj\~ : ' d —y, the strength of a short flexible 

pillar, b being that of a long one, /. b c—b i/=cy~dg, 



and >j = 




51. It was shown (Experimental Researches, art. 5-7) that 
cast iron pillars with flat ends uniformly bore about three 
times as much as those of the same dimensions with rounded 
ends; and this was found by experiment to apply to all 
pillars from 122 times the diameter down to 30 times. 



MO 
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52. In flat-ended cast iron pillars, shorter tlinn this, there 
was observed to be a falling off in the strength; and the same 
was found to ho the ease in pillars of other materials, on 
which many experiments were made, to ascertain whether the 
results previously mentioned, as obtained from the cast iron 
pillars, were general. The cause of the shorter pillars falling 
off in strength, as mentioned above, WfU rendered very 
probable by the experiments upon wrought iron ; for in that 
metal a pressure of from 10 to 12 tons per square inch pro- 
duced a permanent change in, and reduced the length of 
short cylinders, subjected to it, (art. 00 of Paper above ;) 
and about the same pressure per square inch of section, when 
required to break by flexure a wrought iron pillar with flat 
ends, produced a similar falling off in strength to that which 
Wtt experienced when a weight per square inch, not widely 
different from this, was required to break a cast iron pillar 
w-ith flat ends. The fact of cast iron pillars sustaining a 
marked diminution of their breaking strength by a weight 
neatly the same as that which produced incipient crushing in 
wrought iron, and a falling off in the strength of wrought iron 
pillars, rendered it extremely probable that the same cause 
(incipient crushing or derangement of the parts) produced the 
same change in both these species of iron. 

53. The pressure which produced the change mentioned 
above in the breaking of cast iron pillars was about \t\\ of that 
which crushed the material, as given from the experiments 
upon the metal there used. I shall therefore assume here, as 
I did there, that one-fourth of the crushing-weight is as great 
a pressure as these cast iron pillars could be loaded with, 
without their ultimate strength being decreased by incipient 
crushing j and it was there shown that the length of such, a 
pillar, if solid and with flat ends, would be about 30 times its 
diameter. 

54. Wo shall have, therefore, tf—ji in the preceding 
formula 
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V ~b + c-d' 

whence in cast iron of Lhe kind usee?, (Low Moor, No. 3,) 



y = 



he 



55. To find the force necessary to crush a square inch of 
the iron mentioned above, in order that the value of c, which 
is that which would crush the whole pillar if inflexible, might 
be computed, I made (art, 55 of the Paper before referred to) 
experiments upon it, both upon cylinders and rectangles; and 
the mean strength from five of the results gave, per square 
inch, 109,801 lbs.== 49-018 tons. 

56. The value ol y above is compounded of two quantities, b 
the strength as obtained from one of the formula: for long 
flexible pillars (art. 41 of the present Work}, and c the 
crushing force. 

57. The following Table, which gives the dimensions and 
breaking weights of eleven short solid pillars with flat ends, 
together with the calculated values of b, c, and y, will show 
what degree of approximation the calculated strength bears to 
the real, 

Here b the strength in lbs. (arts 39 and 41), 



9S922 x 



d 3 iS 



58. SbOrt nU pillar i fiat at the tmh, fig. 26. 



ctor 
of pillar. 



inches. 

•50 
•50 
•50 
■50 
•777 
•775 
•785 
•768 
•777 
1-022 
1000 



Length of j ill.ir. 



Vn.1 DC 
■jt t>. 



a. 
1008 
•810 . 
•630 
•816 

1-681 ■ 

1-260 
1-008 = 
•840 = 
•630: 
1-681 = 
1-200 = 



uu-hex, 

= 12-1 
= 10 083 
■ 7 5625 
i 3-7812 
=20168 

= 121 
= 10-083 
- 7-5625 
= 20-1666 
= 16-125 



ft* 
8327 
11353 
13515 
60155 
16713 
27005 
413C0 
52096 

mir 

44218 
66746 



Vnluo 
ofe. 



**. 

215.19 
21559 
21559 
21559 
52084 
61797 
63142 
60365 
52064 
00074 
S02.J3 



Breaking 

might 



Calculated brcak- 
Ui({ woiglu front 
the furmula 
&c 



n>*. 
7195 
8931 
11256 
17468 
15581 
21050 
24287 
25923 
32007 
81604 
40250 



7323 
8872 
11508 
16992 
15604 
21241 
27043 
29363 
36130 
35631 
43797 











<F - ^ — r 
1 






■i 
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59. The next Table (abridged from Table X., art. 80) 
contains the dimensions of thirteen short hollow cylinders of 
the same iron, together with their real and calculated breaking 
weights, for comparison as before. Here, as before, the ends 
are flat, and the lengths less than 30 times the external 
diameter. 
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Some of these pillars broke into many pieces ; several of 
them were bored inside, and turned on the outside. They 
were, with the two exceptions named, very good castings. 
By the ratio T : C is to be understood the depth of the part 
extended to that compressed in the section of fracture. By 
the value of 6 is to be understood the breaking weight, as 
calculated from the formula 

P Ml , 

&= 99318=-— j hf 

for the strength of long hollow pillars in lbs., which is given, 
somewhat abridged, in art. 41. 

It will be observed that the calculated strengths agree 
moderately well with the real ones in both of the preceding 
Tables, showing that the resistance to crushing is an element 
of the strength of rthorl flexible pillars at least. 

COMPARATIVE STRENGTH OF LONG SIMILAR PILLARS. 

61. It has been stated (art. 39, results 5 and G) that the 

strength of solid pillars with rounded ends varied as**,., and 

that of those with flat ends as rT . This was when the former 

pillars were not shorter than about 15, nor the latter than 
about 30 times the diameter. 

62. In the research for the above numbers, I was led to 
conclude that, if the material had been incompressible, the 
3'7C> and 3 55 would each have become 4, and the 1*7 have 
been 2 (see arts. 24 and 33 of the Paper above referred to). 
In that case the strength would have varied as which is the 
ratio of the strength of pillars according to the theory of 
Eulcr ; which theory was intended to apply to the power of 
pillars to resist incipient flexure, whilst my inquiry was as to 
the breaking strength. In similar pillars the length is to the 
diameter in a constant ratio: calling then the length n d, 
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where n is a constant quantity, we have, in these different 
cases, the strength as 

Dividing, these become 

63. In the first of these cases the strength varies as a 
power of the diameter somewhat higher than the square ; in 
the second somewhat lower ; and in the third, as the square. 
We may therefore conclude, that in similar pillars the strength 
is nearly as the square of the diameter, or of any other linear 
dimension ; and as the area of the section is as the square of 
the diameter, the strength is nearly as the area of the 
transverse section. 

64. In deducing the conclusion in the last article, Euler 
remarks that if of two similar pillars of the same material, one 
be double the linear dimensions of the other, the larger will 
but bear four times as much as the smaller, though its weight 
is eight times as great. Berlin Memoirs, 1757. 

65. The following Table, containing the results from such 
of my experiments on solid uniform cylindrical pillars as were 
from models similar in form, will show how far the above 
conclusions agree with the results of experiments. 
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Diameters of 
pillars compared. 


Length of 
pillars com- 
pared. 


Breaking 
weight of 
pillars. 


Powers of the dimensions 
to which the busis big 
weights are proportional. 


1 


inch. 

r -497 
•99 


inches. 
7-5825 
15*125 


lbs. 
5262 
19752 


1*908 1 




If 


•76 

1*S9 


15125 
30*25 


9223 
32531 


1-819 




h 


•99 
.197 


30-25 
60-5 


6105 
25403 


2057 






f -51 
1-56 


20-166 
60-5 


3830 
28962 


1-841 


•3 


tthflat 
Is. 


•50 
•997 


30-25 
60-5 


1662 
6238 


19081 


1 
I 


51 1 

6 ° 


•51 
1-02 


15-125 
30-25 


6764 
21844 


1*6913 


* 




•50 

11-022 


10*083 
20-166 


8931 
31804 


1-8323 1 





66. In the preceding Table, the pillars being from similar 
models were assumed to be similar, notwithstanding slight 
deviations in the measures. It appears that the power of the 
lineal dimensions, according to which their strengths vary, is 
somewhat lower than the second. 

67. If long pillars be so formed as to resist being crushed 
by the breaking weight, as has been mentioned before, they 
will be similar. 

We have seen (art. 52-3) that when pillars require a force 
to break them by flexure, which exceeds a certain portion of 
the force which would crush them, if they were not flexible, 
the pillar sustains a considerable diminution in its power of 
resistance to flexure in consequence of a partial crushing, or 
crippling of the material. Suppose cd 9 = the crushing force 
of the pillar (d being the diameter), or that pressure which 
would cause rupture in it, if it were too short to break by 
flexure ; and n c d* that part of this pressure which is the 
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utmost it would, us flexible, sustain without apparent 
crippling or crushing. Then, since the strength in lbs. to 
resist fracture by flexure in pillars, with both ends rounded 

and both flat, was 33379 ^pj! and 98022 '^r, respectively, as 
appeared from my experiments, / being in feet and d in inches, 
wu have these quantities each equal to n c <P, in the cases 
where short Pinal's, which break by flexure, are bearing, at 
the time of fracture, the greatest weights they can sustain 
without any apparent crushing. Whence, in pillars with 
rounded ends, 

in pillars with flat ends, 

68. In the former of these cases, / varies somewhat faster 
than as the first power of the diameter, and in the second 
somewhat slower ; the two showing that, in the case of pillars 
equally loaded to resist crushing by the weight, the length to 
the diameter will be nearly in a constant ratio, or the pillars 
must be similar. 

ON" THE STRENGTH OF FII.LARS OF VARIOUS FORMS, AND 
DIFFERENT MODES OF FIXING. 

GO. In hollow pillars of greater diameter at one end than 
the other, or in the middle than at the cuds, as in Table XI. 
(art. 30), it was not found that any additional strength was 
obtained over that of uniform cylindrical pillars; on the other 
hand, the strength of these seemed to be the greater j with 
respect to this, however, the conclusions were not very 
decisive. The result from the comparison is in agreement 
with what may be deduced from Eulcr's theoretical values of 
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the strengths of uniform cylindrical solid pillars, and of those 
in the shape of a truncated cone (Berlin Memoirs, 1757) ; his 
formula: for these being 

These values are to one another, ca/en's prtribua, as D 4 to 
D' a E 2 j where D is the diameter of the uniform pillar and 
D' E the diameters of the two ends of that in the form of a 
truncated cone. But if we compute the diameter of a 
uniform cylindrical pillar of the same length and solid content 
as one with unequal diameters, we shall find the uniform 
pillar stronger than the other, and the more so according as 
the inequality of the diameters of the latter is greater. 

70. The strength of a pillar in the form of a connecting 
rod of a steam engine was found to be very small ; indeed, 
less than half the strength that the same metal would have 
given if cast in the form of a uniform hollow cylinder. The 
ratio of the strength, according to my experiments, was 
17578 to 39G45. 

71. A pillar irregularly fixed, so that the pressure would 
be in the direction of the diagonal, is reduced to one-third of 
its strength, the case being nearly similar to that of a pillar 
with rounded end3, the strength of which has been shown to 
be only Jrd or that of a pillar with flat ends.* 

72. Uniform pillars fixed at one end and moveable at the 
other, as in those flat at one end and rounded at the other, 
break at ^rd of the length (nearly) from the moveable end; 
therefore, to economise the metal, they should be rendered 
stronger there than in other parts. 

73. Of rectangular pillars of timber it was proved experi- 

• TrcJgold, nrt. 283 ol Lis Work ou Cast Iron, uud iu Lis TiiMtisu ou Carpentry, 
following the idcH uf Sulio in Lis Architecture, rooomtuerul* circular abutting joint*, 
to lusseu tbe cfl'ect of Irregularity in the strains upon columns, fruiu Bcttleuwnt* »ud 
other ctuici; but tliv, wo *e<", U voluntarily throning nwny twu-tliirda «f tho full 
BtreugiL of lLo material to jircveut nuttt m»y uCt«u ha avoided. 
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mentally that the pillar of greatest strength, where the length 
and quantity of material is the same, is a square. 

* 

COMPARATIVE STRENGTHS OF LONG PILLARS OP CAST IRON, 
WROUGHT IRON, STEEL, AND TIMBER. 

74. It results from the experiments upon pillars ol the 
same dimensions, but different materials, that if we call the 
strength of cast iron 1000, we shall have for wrought iron 
1745, cast steel 2518, Dantzic oak 108-8, red deal 78-5. 
The numbers, all but the last, were obtained from the pillars 
with rounded ends, and the computations made by the rules 
used for cast iron. 

POWER OF PILLARS TO SUSTAIN LONG CONTINUED 
PRESSURE. 

75. In all the experiments of which an account has been 
given, the pillars were broken without any regard to time, 
and an experiment seldom lasted longer than from one to 
three hours. To determine, therefore, the effect of a load 
lying constantly upon a pillar, Mr. Fairbairn had at my 
suggestion four pillars cast of the same iron as before, and all 
of the same length and diameter j the length of each was 
feet, and the diameter 1 inch, and they were rounded at the 
ends. The first was loaded with 4 cwt., the second with 
7 cwt., the third with 10 cwt., and the fourth with 13 cwt. j 
this last was loaded with of what had previously broken 
a pillar of the same dimensions, when the weight was 
carefully laid on without loss of time. The pillar loaded with 
13 cwt. bore the weight between live and six months and 
then broke; that loaded with 10 cwt. is increasing slightly 
in flexure; the others, though a little bent, do not niter. 
They have now borne the loads three veal's. The deflexion 
of the lirst pillar is "01 inch, that of the second '025, and of 
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the tliird 409. The deflexion of this Inst pillar, when first 
taken, was '230 ; and after each succeeding year it was "380, 
•380, and 409, as at present. 

El LEIl's THEORY OF TflE STRENGTH OP PILLARS. 

70. It appeared from the researches of this great analyst, 
that a pillnr of any given dimensions and description of 
material required a certain weight to bend it, even in the 
slightest degree ; and with less than this weight it would not 
be bent at all (Acad, da Berlin, 1757). Lagrange, in an 
elaborate essay in the same work, arrives at the same 
conclusion. The theory as deduced from this conclusion is 
very beautiful, and Poisson's exposition of it, in his 1 Me- 
caniquc,' 2nd edition, vol. i. } will well repay the labour of u 
perusal . 

77. T have many times sought, experimentally, with great 
care for the weight producing incipient flexure, according to 
the theory of Eider, but have hitherto been unsuccessful. 
So far as I can see, flexure commences with weights far below 
those with which pillars are usually loaded in practice. It 
seems to be produced by weights much smaller than are 
sutficient to render it capable of being measured. I am there- 
fore doubtful whether such a fixed point will ever be obtained, 
if indeed it exist. With respect to the conclusions of some 
writers, that flexure docs not take place, with less than about 
half the breaking weight ; this, I conceive, could only mean 
large and palpable flexure ; and it is not improbable that the 
writers were in some degree deceived from their having 
generally used specimens thicker, compared with their 
length, than have been usually employed in the present 
effort. 

Some results of the theory of Euler, as given by Poisson 
(Mecanique, vol. i. 2ud edit.), have been of great service in 
the course of the inquiry. 
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78. I will now give the leading results, abridged from four 
of the Tables of experiments on cast iron pillars, enumerated 
in art. 36, p. 241 ; and the reader who wishes for further 
information upon them, or upon those of wrought iron or 
timber, is respectfully referred to the original paper in the 
Philosophical Transactions of the Royal Society, Part II. 
1840. 
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The value of w, obtained in the sixth column of the 
preceding Table, is the strength of a solid pillar, 1 inch 
diameter, and of the same length as those above. For, when 
the length is constant, the strength W varies as D 3-76 ^— 3-76 , 
(arts. 39 & 41) ; and therefore^to find x, the strength of a 
solid pillar, 1 inch diameter and 7 feet 6f inches long, we 

have D 3 " 76 — <P 78 : l 376 : : W : .r^--^^. The mean from 

the values of w found in the Table above is 932 76 lbs., and if 
this be multiplied by P 7 , where /=7 5625 feet (=7 feet 
C| inches), we obtain the strength in pounds of a solid pillar, 
1 foot long and 1 inch diameter, rounded at the ends ; and 
this, divided by 2240, to reduce it into tons, is the co-efiicient 
12 979, called 13, in the formula for the strength, 13 x 

D '^ 1 d3 \ (art. 41), where the index 3 6 is put as a mean 

between the 3 76 of pillars with rounded ends, and the 355 
of those with flat ends. The remarks here made will apply to 
the values of w in the next Table. 
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TRANSVERSE STRENGTH. 

70. The transverse strain is that to which cast iron and 
some other materials are most frequently subjected, and 
therefore experiments have been oftencr made that way than 
any other. Still, as regards cast iron, whose uses are 
multiplying every day, the knowledge of the practical man 
has hitherto been far from equalling his wants ; and 
accordingly various efforts have lately been made, and 
doubtless will continue to be made, to obtain extra informa- 
tion upon so important a subject, 

I will give an account of some of these, the objects of 
which are as below. 

1st. To ascertain what alteration takes place in bars of cast 
iron svibjected to long-continued strains. 

2nd. To determine the effects of changes in the temperature 
of bars upon their strength. 

3rd. To inquire into the elasticity and strength of cast iron 
bars, under ordinary circumstances, the time when the 
former becomes impaired, and the erroneous conclusions that 
have been deduced from it. 

4th. To find the best forms of beams, and the strength of 
beams of particular forms. 

SO. LONG-CONTINUEO PRESSURE UPON BARS OR BEAMS. 

To ascertain how far cast iron beams might be trusted 
with loads permanently laid upon them, Mr. Fairbairn made 
the following experiments. — (Report on the Strength of Cast 
Iron, obtained from the Hot and Cold Blasts, vol. vi. of the 
British Association). 

He took bars both of cold and hot blast iron (Coed Talon, 
No. 2), each 5 feet long, and cast from a model 1 inch square; 
and having loaded them in the middle w t weights, 
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with their cuds supported on props 4 feet <i inches asunder, 
they were left in this position to determine how long they 
would sustain the loads without breaking. They bore the 
weights, with one exception, upwards of five years, with 
small increase of deflexion, though some of them were loaded 
nearly to the breaking point. Since that time, however, less 
care has been taken to protect them from accident, and three 
others have been found broken. They arc carefully examined 
and have their deflexions taken occasionally, which are set 
down in the following Table, which contains the exact 
dimensions of the bars, with the load upon each. These 
experiments were undertaken by .Mr. Fairbaim at my 
suggestion, as I was led to conceive, from experiments I had 
made in a different way upon malleable iron, that time would 
have little effect in destroying the power of beams to bear a 
dead weight. 
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82. Looking at the results of these experiments, and the 
note upon the first and fourth, it appears that the deflexion in 
each of the beams increased considerably for the first twelve 
or fifteen months ; after which time there has been, usually, 
a smaller increase in their deflexions, though from four to five 
years have elapsed. The beam in Experiment 8, which was 
loaded nearest to its breaking weight, and which would have 
been broken by a few additional pounds luid on at first, had 
not, perhaps, up to the time of its fracture, a greater deflexion 
than it had three or four years before ; and the change in 
deflexion in Experiment 1, where the load is less than |rds of 
the breaking weight, seems to have been almost as great as in 
any other; rendering it not improbable that the deflexion will, 
in each beam, go on increasing till it become a certain 
quantity, beyond which, as in that of experiment S, it will 
increase no longer, but remain stationary. The unfortunate 
fracture of this last beam, probably through accident, has left 
this conclusion in doubt. 

S3. These important experiments show that cast iron may 
be trusted with permanent loads far greater than has 
previously been expected ; it having been generally admitted 
that about ? r rd of the breaking weight was as far as it was 
safe to load a beam with in practice. It was conceived that a 
load greater than this would break the beam or other body in 
time, since the elasticity was thought to be injured with about 
this weight ; and it was accounted unsafe to load a body 
beyond its elastic force (see arts. 70, 71, Pint 1. of this 
volume). 



EFFECTS OF TEMPERATURE UPON THE STRENGTH" OF 
CAST IROK. 

84. Mr. Fairbatrn gave, in the report previously referred 
to, the results of several experiments to determine how far the 
strength of cast iron bearers is influenced by such changes of 
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temperature as they arc occasionally subjected to. He had a 
number of bars cast, of Coed Talon Iron, Nos. 2 and 3, part 
of them being of iron made with a heated blast, and part 
With cold. These liars were from models 1 inch square and 
2 feet G inches long. They were laid on supports 2 feet 3 
inches asunder, and broken by weights hung at the middle. 
The experiments were made in winter. Some bars were 
broken in the open air ; some when immersed in frozen water 
or covered with snow ; some in melted lead ; and others when 
heated red hot. The results arc in the following Table, the 
first column of which shows the temperature under which the 
experiments were made • the second and third columns give 
the breaking weights of the bars in pounds, when reduced by 
calculation to exactly 1 inch square ; and the fourth column 
gives the ratio of the strengths of the cold and hot blast irons 
in the two preceding columns. 
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S5. It would appear from these experiments, though the 
results are somewhat anomalous, that the strength of cast iron 
is not. reduced when its temperature is raised to (100". which 
is nearly that of melting lead ; and it does not differ very 
widely whatever the temperature may be, provided the bar be 
not heated so as to be red hot. 



STHENUTH OF BAliS. 



ON TIIE STRENGTH OF CAST IRON BARS OR BEAMS UNDER 
ORDINARY CIRCUMSTANCES, THE TIME WHEN TIIE ELAS- 
TICITY BECOMES IMPAIRED, AND Til E ERRONEOUS CONCLU- 
SIONS THAT HAVE BEEN DERIVED FROM A MISTAKE AS TO 
TnAT TIME. 

86. It is, as 1ms been before observed, to ascertain the re- 
sistance of materials to a transverse strain, that the efforts of 
experimenters have chiefly been directed : one reason for this 
seems to be the great facility with which bodies can be 
broken this way comparatively with others, which require 
large weights, or complex machinery, and often considerable 
attention to theoretical requirements. 

The inquiry into the strengths of hot and cold blast cast 
iron, which I undertook, in conjunction with Mr. Fairbairn, 
for the British Association, and whose results were inserted 
in the sixth volume of their Reports, induced me to make a 
Dumber of experiments on the transverse strength of bars. 
In these experiments, most of which were made before 
Mr. Fairbairn's avocations enabled him to attend to the matter. 
I had a number of bars cast from models 5 feet long and 1 
inch square; and the castings were supported on props 4 
feet inches asunder, and broken by weights suspended from 
the middle. These bars were made long and slender, in 
order that small variations in the elasticity might be rendered 
obvious. My earliest experiments upon the Carron Iron, and 
particularly those upon the Buffery, convinced me that the 
elasticity of bars is injured much earlier than is generally sup- 
posed j and that instead of it remaining perfect till one-third 
or upwards of the breaking weight was laid on, as is generally 
admitted by writers (Tredgold, art. 70, &c.), it was evideut 
that ^th or less produced in some cases a considerable set, or 
defect of elasticity ; and judging from its slow increase 
afterwards, I was persuaded that it had not come on by any 
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sudden change, but had existed, though in a less degree, from 
n very enrly period. I mentioned the fact and my convic- 
tions some time afterwards to Mr. Fairbairn, and, after 
examining the matter with more attention than before, 
expressed a desire to have bars cast of a greater length thau 
the preceding ones, to render the defect more obvious. I had, 
therefore, two bars of Carron Iron, No. 2, hot blast, cast from 
the same model, each 7 feet long ; they were uniform through- 
out, and the form of the section of ^ ,- ° . -j 
each was as in the figure. They were I * 

laid on supports, 8 feet fl inches |H L 
asunder, and broken by weights suspended from the middle ; 
the former with the rib downward, in which experiment the 
flexure would be, almost wholly, owing to the extension of 
that rib ; and the latter with the lib upward, in which the 
flexure would be owing to the compression of the rib. In 
both of these bars, the dimensions of the parallelogram A B 
was the same, = 5 x -30 = 1" 50 square inches, the thickness 
being 30 inch. In the former of these cases, CD = 1'55, 
and D E (which may represent the uniform thickness of the 
rib DF) = -3G inch. In the latter casting CD= l oG, and 
D E= '3G5 inch. The results arc as follow. 
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EARLY DEFECT IN ELASTICITY. 



FIRST BAR. 
Broken with the vertical rib downwards. 



HECOSD BiR. 
Broken witb Uio vertical rib upward*. 
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In the first of these experiments, it will be seen that the 
elasticity was sensibly injured with 7 lbs., and in the latter 
with 14-lbs. ; the breaking weights being 3641frs. and 11209)9. 
Iii the former of these cases a set was visible with g^nd, and 
in the other with g^th of the breaking weight, showing that 
there is no weight, however small, that will not injure the 
elasticity. The ratio of the breaking weights in these two 
experiments was as 1 : 3'07 ; showing that a bar of this form 
was more than three times as strong one way up as the 
opposite way. 

87- The mode I used to observe when the elastic force 
became injured was as follows. When a bar was laid upon 
the supports for experiment, a " straight edge " was placed 
over it, the ends of which rested upon the bar directly over 
the points of support. These ends were slides which enabled 
the straight edge to be raised or lowered at pleasure. In this 
manner it was easy to bring it down to touch in the slightest 
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degree a piece of wood tied upon the middle of the bar. A 
candle was then placed at the side of the bar, opposite to 
where- the observer stood, by the light of which, distances 
extremely minute could be observed. 

88. The results from these experiments will enable us to 
see the mode by which Tredgold deduced the erroneous con- 
clusion, as to t he high tensile strength of cast iron, adverted 
to in the note to art. 143, page 118 ; and which has produced 
an effect, on many of the numerical conclusions throughout his 
work. 

The experiment (No. 2, art. 5G), from which, and others, 
he infers that a cast iron bar, 1 inch square and 34 inches 
between the supports, will bear 300 lbs. on the middle, with- 
out injury to the elasticity, has not, I conceive, been examined 
in its progress with adequate care to form the basis of 
important conclusions. It is evident, from my experiments 
given above, that the clastic force was injured with much less 
weight than that which formed the set he first noticed in the 
beam. 

Tredgold calculated the direct tensile strength of the cast 
iron in these experiments, from the results of the transverse 
strength. He assumed in his calculations, that the position 
of the neutral line remains fixed, and in the middle of a 
rectangular or circular section, during the whole, experiment ; 
and the resistance of a particle, at equal distances on each 
side of the neutral line, to be the same. 

From these principles he calculated that the most extended 
surface of the bar was supporting a tension of 15,300 tbs. per 
square inch, without the elasticity being injured. This 
number which is greater than was required to tear asunder 
the specimen in many of the preceding experiments (art. 3, 
Part II.), Tredgold adopts, throughout the work/ as the 
direct tensde strength of cast iron, when not strained beyond 
the elastic force. 
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From these principles he calculates (art. 212 of his work) 
that the greatest extension which cast iron will bear without 
injury to its elastic force is nAn$h part of its length. In art. 
70, he calculates the weights which would be required to 
destroy the elasticity of a number of cast iron bars, the 
breaking weights of which arc severally given. He compares 
these weights, and concludes that a body requires about 
three times as much to break it as to destroy its elastic force. 
Hence he would conclude that the absolute strength, per 
square inch, of this iron, is 15,300 x 3 = 45,900 lbs. nearly, 
or more than 20 tons. Tredgold computes, in several cases, 
(arts, 72 to 76), the ultimate tensile strength of cast iron bars 
from the weights which broke them transversely, lie found 
the strength to vary from 40,000 to 48,200 lbs. per square 
inch, the mean being 44,620 lbs., or nearly three times 
15,300, ns mentioned above. 

My own expe riments, which were made by tearing asunder 
25 castings, prepared with great core, from cast iron obtained 
from various parts of England, Scotland, and Wales, gave as 
a mean 16,505 9)8. ss 7*87 tons per square inch; and in no 
case, except one, was the strength found to be more than Ss 
tons per square inch (art. 3, page 220). 



89. According to tho principles assumed by Tredgold (art. 
37 and 100), tho position of tho neutral line must remain 
unchanged during flexure by different weights ; but experi- 
ment shows that the neutral line shifts as the weights arc 
increased j and at the time of fracture it is frequently near to 
the concave side of the beam. This seldom can be dis- 
covered in fractures of beams by simple transverse pressure, 
but it may sometimes be discovered in those that have been 
broken by a blow, and then it will perhaps seem to have been 
at $tfe or ^th of the depth of a rectangular beam, as I have 
occasionally observed, the smaller part being compressed. 

90. Trom the experiments on the strength of cast iron 
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pillars (Tables L and II., art. 7S) wo get additional evidence 
upon this matter ; for in these the neutral line was frequently 
well defined ; and in the longest pillars, those which required 
the least weight to break them, the ratio T -. C, which is that 
of the depths of the parts submitted to tension and com- 
pression, was, in different cases, 120 i 20, 145 : 30, 153 : 43, 
and 120 : 37. In two rectangular pillars, each (501 inches 
long, and li inches square, the area of the compressed part, 
was less than {th of the whole section. In the pillars 
mentioned above the weight necessary to break thorn was 
very small, compared with that which would have been 
required to crush them without flexure ; and there was 
scarcely t pillar broken in which the part compressed 
exceeded the part extended, though some had sustained very 
great pressures. 

In the longest pillars mentioned above we may, I conceive, 
consider the position of the neutral line as not widely different 
from what it would have been if the pillar had been broken 
as a beam, transversely; the only difference) in the two cases 
being, that the compressed part, compared with the extended 
part, would be greater in the pilhir, through the weight laid 
UjMti it, than in the beam. And we hnve seen that, in the 
pillnrs alluded to, the depth of the compressed part varied 
from 3rd to less than ^th of that of the extended part ; and 
in a beam the depth of the compressed part would be still 
smaller. In the experiments on tension and compression 
(arts. 83-31, Part II.), it has been shown that cast iron 
resists crushing with about seven times as much force as it 
does tearing asunder ; and some experiments not yet published 
have inclined me to believe that the neutral line in a 
rectangular beam, at the time of fracture, divides the section 
in the proportion of six or seven to one, or one not. widely 
different from this ; but I draw the conclusion with consider- 
able diffidence. 

91. Tho subject here treated of will be adverted to in a 
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future article, after the experiments which I urn intending to 
give upon the transverse strength of bars have, with those on 
the tensile strength (art. 3, page 229), furnished data for 
the purpose. 



I.X PEHIMENTS TO DETERMINE THE TRANSVERSE STRENGTH 
OF I'NIFORM BARS OF CAST IRON. 

92, I will now give the results of a very extensive scries of 
experiments upon rectangular bars, nil cast from the same 
model, and including irons from the principal Works in the 
United Kingdom. 

The great accumulation of specimens of iron, which were 
obtained, but could not be used in our inquiry, before 
mentioned, respecting the strength of hot ami cold blast iron, 
afforded a good opportunity to acquire the relative values of 
many of the leading irons. Mr. Fairbairn, therefore, under- 
took the matter, and had castings made from the whole ; and 
having increased them by subsequent additions of iron, the 
variety of results from the v.- hole, both of Mr. Fairbairn' s and 
my own experiments, has become great, especially when those 
are added to them which we derived from the hot bla^t 
inquiry, and these will be found abridged in the following 
pages. The experiments of Mr. Fairbairn were very carefully 
made, some of them by myself, as those on the antliracite 
iron, &c, and all with the same attention to accuracy. The 
results are published at length in the Manchester Memoirs, 
vol. vi., second series ; but arc here given in an abridged 
form, only one series of results being set down for each kind 
of iron : every result in each scries being a mean between 
values derived from the same weights in different experiments. 
The bars were cast from a model, 5 feet long and 1 inch 
square, and they were during the experiment, laid upon 
supports 4 feet 6 inches asunder, and bent by weights 
suspended from the middle. After each load had been laid 
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on, much was done with care and with small additions of 
weight, tlic deflexion was obtained by means of a long scale in 
the form of a wedge, graduated along its side, so that very 
minute distances could be measured. The beam was then 
unloaded in order that the defect of elasticity, or set, might 
be obtained. These experiments aud those made by my 
friend for the British Association, were conducted in the same 
maimer as others which I had made some time before on the 
Carron, Buffery, and other irons, mentioned in art. 86 ; and 
the remark which I had made of the very early defect of 
elasticity of cast iron, as shown by my experiments, received 
a further confirmation from these ; as the quantity of set was, 
from that time, always carefully observed. The results of all 
the bars were afterwards reduced by calculation in the same 
manner as those in my Report (British Association, vol. vi.), 
in order to preserve uniformity in the whole. 



V 



290 



ENGLISH IRONS. 



IIS 

41 u W 

£ = £ 



fli 

III 



— CO rt 



o o o 



to — c* to «o >o a 

C> -r> © i"> CI O Cl OJ 
— M •« M A Q M 



■3 II 



I 1 ]! 



t> Cl co o 'o c-i 

O i~i -WS CI (C 
- H C| CI 



M U ■* a 



CO J? -T "«« 



r- eo 

m i~ Si 
MM** 



« (T K5 r. 51 J5 

e» t~ «p i- o -S 
■p r- Q .-. co j; 



n w s rj 

. O r-« CO i.O 

T o o- © o 



= 2* 

*l C> 

-i H 

= II 



r-t « CI «> M A !-• 
.-■.-( d CI CO CO ^> 1" 



« -5 a 



ci « a 

CO CO I- 

O CI 



•o co « i- 
« o o cJ k 

CD co o c« to; 



CO If O CO 

S H O) « 
f- Ol CI P5 



A #1 -•» 



a i- n 



es ■» o o 



cc us >'i s ci ci ci ci n 

<o co co o o — <• a B 
o n n n i. a - 



rt f» H * 



a, CI 



6=2 



<SCM0O-*«<Cc6C?a 

©jcccoA^oo-weei— 

r-F-CJCtCa-WT-r-K 



^> ■» a 

I— CO TO 
O O © 



— ? — 

ll-r 



«ocoor-io«>ooco"» — ■?! 

Or-ieMf<J>«OtO«C4l g 
_ 



(scimiio'jeiHifflij 

l-O r— U3 OJ Hi CO CI CO '.J 
r-. I -tClCICOCO"W-»>^l 



cq 

* ? 



CO K> O O C« 



O Of « t- 



o o o 



<p .-4 »-• 



I- 1- CO CD 

S K 

S» -» CO .« 



(o to S 

'•o co — 

« «s £ 

»H 11 -O 



63 S 

© CO 

■a ii 



rfflino)WC)«i(j 

« r« W CI CO t 



ENGLISH IRONS. 



1 

I 



fcj> s» 5-1 SS 
M M K to 

o o o o 



■a ri 

? 3 



<— i— i- o o 

i-. c-l e»< jo so 
Ol — in i- ca 



m o o 2 

r S 3 £ 

ri II i-i JS 



aj & 

T3 IS 



CI »-» r-i CI JO CQ S3 P3 

" - « H n n t 



■f 

d 

i 

I 



CaiMr-«-<*»CCjCll«M 
; — c : .-- / :i i - 

ooooo— ir-en 



Ca-s 



jg — rl 00 CO CO 

W tl O fl * « » 
O r. CI -w «3 r- C3 



r1r-l.fi ^ 



oac*oo'*o-ieiooo 



d #1 



N rt ki ■ h 

tt IO H ^ H 

o n ci ci -w 



SB 



-1 «5 S 
'3 I- I- 

- n o !• o n 



■» ti O n 5 

w •» r, q> *g 



tr] 00 

■o — 



« 9 4 B, V 9 
»— < >-i 01 CI eo 



J] 

3 



— v i.-. ' I- I - 
, n CI ? © Oi » 

+ O 9 S C. 



9 r* 



W r» -ri 71 5» 
a 71 a a 

O I— CI H 1C> 



n 9 ■ i J 

j- a « a 4 

I- Of r-i C-l C 

' ' « H JJ 



Si 



OtPCtaO-WOWl-rl 

n M co jfi p| fc3 o *P IQ 

-i—iCICICO^-^^" 



■J. v- -, 



II 

I 



O O c> o 



3 .= 



» !0 » i- t- 
O OJ O - 
H tl W O 



n • a 

s* a ° o 

• r r 2 

— H rO 



45 



CM CI Ol ao -r S » M 
ri ■— ■ CM d -r 



s 

4 



c© w *o •*# ri eo r- 
O — »*• ~ «D CO 

O O O O r-l r- CM 



u? n> 



■n O -r 

Ol 00 OO 
r-l -»1 



r— rt ,0 



rg CO 

-3 il 



M ci d co M « to ws 10 

U}r1CDeOAI3Ol3C0 



M '1 




EXGMSB I HONS. 



291 




i 

■1 35 i 

iU 

M 
l 


i 
g 

s 
% 

8. 

S 

s 


n 4 

— o 

!j " 

- * 

if! 




11 fl 1 ** t 

F> ci o m - a 

<p o © © — -p 


la 


•O 1- — I- 1- O O "J O © £ o <o 

to i~ ci Oj cd ao o !«• •-• -2 "3 V 5 
o »-i ci wa c» r-i o ica j 

N " " * a II 


B 


SI » N « T O O « T M « 

CM "O CO CI C J CI. CO *0 I— 

m m ft n w n <i 4 9 


1 

«r 
d 

til* 

1 

2 
o 


j 

M 

e 

| 
£ 

i 


>i - 
all 

Hi 

o = ? 


J;J| 


eo ci ■> » n ci »n »» 
— < : ' : i i - >-. 


li 
H 
!l 


— -" — WJCCOOOTIM g ?1 
'O C 1 '£1 CI X) x» *o CO CO O r*5 *o I— 
w i— w* 9i "tj ^ - - P" . ^ 
H *4 r-. JB « | 


s 


9»9a<n<»9<9?iaoo-* 
co « ci 'jo co • cs o 
r-i <-i s-« C-» ei cS t wi 


8 
■f 

. <5 

6 5 J 

Kg* 

U 


4 

s 

1 

I 

M 


a 

i 

a 


c d 

Hi 

JTJS JS 

-as 


Ml 

a J a 


t- O O Cl MkBCOt* 
SCIOCV^Oi-ii-ir- 


11 

M 

ll 


ci o o >^ 9 ci o — 3 ii o 
,-4 cy o i- o co i- ci £ . c , 
f-l r-l r-i r*l H | 




O IO Cl to ^ 3 O CO Cl 
OOllftCO C7) kA<=> *• 1 - 

HHfltii ifA^l 


ll 
i 


§ 
g 


A § 

zU 

m 


ml 


r4 «© Ift co fck J« 
. ,-je-i-»i5oeaeo 

+ OOOOcprH 


a 

li 


o n 00 

ni«iciaciioio*S u co 

g 22 fi 3 g {- g 2 P s 

« « •» 9 1 


as -i" •» o-i to eo da io O o 
ts-- 1 


o 

A 
«l 

*a 

5 


g 
e 

8. 

6 

s 
- 


M 8 

Hi 

5 2 

w * 

= - - 
as* 


fsfi 


a o o ci i— 
, o eo o ci ci 
' o O O O i^-i 


§ jj 

f] 


CO "O CO t— I- CO CO S *t>T 

fi ci o - - .„ 

*•** J -31 


£j 

pa 


CI CI d CO ^1 o to CO 

9*iB3na>aot-i 

rl H CI ffl n * l* 


"3 

of p 

.*! 

SIS 

II 
1 


a 

S 

= 

I 
g 

s 

I 
I 

I 

St 


- J 
1 

111 
oaf 




■ ■ ■ • H B 

o pg H 10 00 

O O O C r-l r-i CM 


c S 

|| 

Q 3 


ta co 

i- n o i. c. - » i. g j 

" ***** 7 3 1 


IS 


OdtMCO-^OtOlOlO 

ia r-i as « ea 



ENGLISH IRON& 



aim 




&5 



5* 



si 

g 



CN CI ■© CT <M 



O r-l CI 

o o <p 



SD OO — 

■ 9 



c-« '.-5 en cn i- 
co ■» o od m o o 
CI I- » 



- H -O —[| 



T) T O 'J W 

— O CI CO 00 CO 
H n CI CI W W 



I! 

M 



oo- eo ci eo h» o 
*0 or: co c* « c-3 rs 
r>i e- « » to o *— 



* Si 



•-O O C-l X 1" o to Ol o o 




as* 



I J } E 



k 4 M M IS 
— « 10 i- o c« 
9 ? 9 P 7" c 



CICiOr-.tOr^lOCJO 2 

— i ci to ©. CI i- c> « CI r£ 



c- I- 

•a -r 1 
^ — 
•3 I 



oc*<DC-itn*f>ooi» 

a « ei »i o n «i o ■« 
ci ei cs t -s> 



- x ■ 



I.. 

°f - 

HI 
axis 



Is 

11 



O W C In O t" 

< CI — M) -S> O 
p O O O O i-t 



» o — ■ 

o — c< •«■ 



Q « Q 

o «s> « 
a» »h co 



£ 

r-. .O 



fa 



« « CI <o n 



O i M a 

CI H » 6 rt 

p- r> ci « n n f 



1 



i 



Q i 5 



us »- «o r- |0 

•a to o M) C9 9 

© O rl r~ CI CM 



^ CI 5 I- O « I- 

CO t» C- MS PI 

© r-i CB UJ OO -"H 



2 



•CCD 

-5 I 



»OtlO!-fS«M-il 

1-1 i-i CI C* CO CO 



frfs 

53 



a . 



1/11 



m <# m co N io 
r* C4 >A l-> G -* i-i 

9 9 9 "? v 1 v 5' 



J8 

It 



^cocccii--^ — crc- a 

^ « S * 



CI US r- t~ p» ev us ,-, « 
i-ir-iCicicSca-^iujha 



as » 





I 

8 

n 



53 




<£ Jls 



S3 

j 5 B 



S 9 f'9 1 S f 
at M o t- o ra 

O O O O — r4 



O H 
-* t- CM " 
H M H O I- 



-BOW 



■I ■ 4 



si 

3? 



^ CI CI n o » •» 



O O -r .1 '5 - C. n 
■ .O — — — C1:OE"»-» 

r rr» o a rt • — . o - 



o s =» o o 



-_--.-/■ ■ r. » o o « «c> 
n m ci n v o i< « a a 



•Mm-^iO'DCJaO'wco 

H «3 « a *m a M 

CM SO CO >• «Q O 



S 2 SI 



4 

i 
1 




1*1 



» « e « - n n 
i — > — i - - . 

f T T FT 1* f 



Cl IO CI H 
O i-« 



■ S i« a 



9S M 2 

eo o 

f ?] 

^ ,JJ 



CO CD Ot W ^« 



r> r>l — 
«l m o a -.1 I, 
fl N a n t * 




h 

si 



lj{f 
2 J li 



*3 



13 CI fi CI — -r 
« CO C3 CI CO 

O O O O r-l r-t CI 



eo en 

M <• 1 



ao a M «a c 



"3 



» !) Cl « « O 
H IQ H B 01 

H - CI CI 



CI cr> 

M S T 

n n •» 



3=n 



o 



- - z _ 



CI <»> •» 



£3 



■» w oo « to 

■D CO O Ol CO 

o cm -r 



» a i- a « 5 
a ra m — ■ c ft 
? r* r 3 '? i 

"•-Hp 



-3 
•B ■? 

1 I 



«SCl«-rO»ciai.i(i 

CI Hi M **J CO • CO H9 CO 

« — I CI CO C3 ^» 




S< < ITCH IRONS. 



d 
as 


1 

M 
« 


3 i 
I- 2 


= 30 


IS 

o 


i- 

§ 


s 

o 


M 
v> 

O 


co 
1— 


1- 


TO 












nil 

2.T3 *j 

A a o 

1 

H 

8 


la 
§3 
•t a 


4*1 

a a 


Ma 

i 


9 
-• 
TO 


<o 
■~l 

MS 


*• 
CO 


■a 
i - 

— 


BB 

■a 


as 
en 


| 

i- 

J9 








it 


1 


Hi 


* 


01 


B 

ci 


et 

oo 


■ 

M 


Oi 


■:• 

KB 


s 

c 


S3 
■n 










•-■ 


| 


i g 
5? j 

1 =2 

~ d — 






+ 


■r. 
O 
fi 


CJ 

9 


!>. 

TO 

=> 


Ct 

Ha 
o 


o 

CO 

o 


-o 

M 


"7. 








22 

I 1 


si 

£ s 


iliii 

Og-9-3 
4 -5 


I— 


lO 
CC. 
tH 


ua 
f 


o 


OB 

ua 


to 
^> 


CI 

so 
e> 


CM 
CO 
r-l 


CO 

1-1 


1 

£ 




tjS 
m « 


■ 


B 






» 


CO 




CO 

co 


■« 

CM 
CI 


C- 

co 

CI 


to 

TO 

CO 


M 

o> 
to 




i- 








I 

8 


5 g 


al'SS 




■*> 


EC 

: 


■* 

CO 

o 


to 
tn 
o 


co 
o 


- 


•a 

HO 

N 


0> 

o 
Ct 










"3 
S a 

11 




o» 

V 

s 


H9 
~n 


CM 
■ 
M 


o 

CB 

T» 


Ok 

CQ 
CO 


CI 
CI 

OS 


o 
so 
o 

— 


Hf 

ua 
CI 


?! 




•= 11 




! 

a 


- c "I 

£•£'3 


^ 


00 
CI 


CC> 
■t> 


iM 


cO 


e i 

0* 


a 

ft 


id 

CO 

00 


et 

CB 

CO 


cc 


■a 
«n 






d 

n 


-£ 
& 

K 

e 


i 

Si! 


J' - 

£JB 




+ 


0* 
O 


»-■> 

CI 

o 


TO 

O 


o 

o 


■ 












s 

"3 
5! 


II J 

- 




°S"S 


© 


CM 

M 


«0 

a 

M 


co 
f 


•a 

ce> 


op 


on 


ea 
e 

TO 
^- 


o 

HI 
— 


O 

1 




f 

-c II 




ftj 

oa 


i\ 


CO 

el 


CD 


Of 




••• 
:i 


s 

00 


•c 

TO 

ag 


CT 
Ot 

to 


s 
:i 
tf 


--tl 






6 


1 

M 
O 


Jj 

= ? 


4 ■ 

-Si a 




+ 


<p 


-JO 

a 


« 


' - 

00 
o 


f-i 

ri 


« 
■ - 


■A 
<Jt 








"J o 


"3 
11 

a a 


F= 




~* 

9 




M 
| 


CO 

m 

•f 




■1 


co 
ot 
« 


»"' 
o 
et 
— 


a 

HQ 


J 




n 

>? II 


1 

a 


I 


if 

pa 


J 


CO 


0? 


*4 


CO 

■ 


— 

CJ 


o 

00 

CM 


to 

TO 


ct 

Ok 
ro 


M 

-T 


■_- 






of 

<|a 


t 

a 


i 

K - 

? ! 


ill] 




*■ 


CO 

3 

o 


M 

r-l 
■? 


•— < 

et 

o 


W) 

M 


o 


•O 
t— 

cp 


GO 

a 
•-< 








I s 




rb| 

£ I 


e» 

■a 


at 

OJ 


o 


9 

CO 
TO 


e 

CM 


TO 

CO 
■w 


g> 
o 

cp 


CI 

1- 

cp 


es 


si 


i! 


F 

5 




If 




i 

[ 


•e 

•o 


CI 


ot) 


cc 

CM 


O 

to 

CM 


TO 

■1 


CN 

A 
CO 


co 

hj 


•r> 
SO 

■c| 


o 
:i 

B| 




4j 


| 
1 
e 


J • 
-r -? 

!! 


s m 




id 
o 


l-H 


o 


O 


o 


-fl 

a 
o 


CM 

et 

--* 










7 If 

P 


M 


■i 

^ * 

GJ3 


*H 


* 


5 

CO 
H 


t- 
co 
M 


00 
»— 

■^1 


■ 
i - 


r- 
— 1 
1- 


Cl 

o> 


*-* 


>a 


1 








1 
1 


1! 


si 


CO 

el 

1 




04 


op 
■ 


— 

tn 

c:v 


o 

CO 

tj« 


CO 
TO 


CI 

o» 

cct 


Ot 
CI 


O 
va 







WELSH IH0N8. 



205 



a 
f 

Mi 
ill 


i 

a 
i 

3 

S 

O 




I-ll 




+ 


oo 

— 

1 


o 


OO 

3 
e 


o 
cb 

"! 


O 


— 


1™ 

c* 


la 

r- 

■fj 








§8 
11 


OJ 

s 


00 


C* 
i- 

S« 


00 


Cl 


o 
oo 


O 
•H 


oo 
■ 


M| 
*» 

&S 


Q 

I 

K 
rH 


ij 




s§ 

1 1 


M 


o 




k 

is 


•0. 


<o 


-i 

po 


■ 

■ 




o 
oo 


*e> 

N 


Ol 
•0 


oo 


— ' 

m 








d 


i 

2 


>J 






+ 


i 


Of 

? 




t-- 
Q 


■o 
■". 

o 


oo 
1- 
o 


B 

a 


04 
— 
— | 


r- oo 

A — 

rH Ol 






ift 

v u *• 

r 

n 


* 

a 


!•* 


II 

= i 


P 


e» 

B 

J) 


■ 


•s 

n 


*• 


Cl 

Q 


<9 
C 1 
I- 


- 1 
I- 

ao 


et 
-1 
es 


o 

9 

V 


rH 01 

rH rn 


a 
J 

r3 


■Sr 

. rH 
1 1 




|IJ 


|jj 

pH 


C* 


■ 


«p 

;i 


Cl 

<a 


^»» 




g 

o 


■a 
o 


oi 

«o 


OB 


HI «c 

l« OO 

•o w> 


A 




of 

o 

»^ 

'•to 

p 
1 


« 

a 

o 

J 

c 


IT. 

"3 - 


i J*j 
I 5 ii 






oo 
■ 
o 


i - 

? 


O 
♦» 
o 


Oft 
— 


00 

»- 
o 


00 

B 


oa 

rH 


n 
0B 
p 


1 - 

A 
Ol 






a 

a 

i 


u 

S3 


"2 
US 


a 

r-« 

r- 


o 


-■ 

to 
to 


1- 

-* 


— 

W 


1- 

e» 
»r 


00 

to 
OA 




00 


H 

r* r3 




^3 

, f-l 

"3 ll 


a 

3 
a 




u 

*£ 




« 

lO 


r- 


OO 

«o 


-!■ 


o 

ao 


•9 


CO 
00 


00 
0J 


w» 


W Cl 

« 2 








4 

a 

i 

"C 


J 

n ■ 


« .£7 




B 

9 




P 


<? 


S 


9 


e 

>7« 


— 

rH 










d 

4* 

d § 


* 

S 

OS 


Wt 

U 

u 


« 5 


03 

o 


Cl 

: i 

l-H 


— 

=» 


*> 
at 

00 


m 
S 


>r 


B 

00 


•g 
■ 


— 

rH 
— 








, rH 
5 tl 


1 


s 
- 


21 


« 


CO 

c* 


■ 




00 


Tl 


o 

ao 


«9 

ro 


01 

s 


• 


«0 








d 
's. 


s 

3 
-c 


= 

If 

r* 


PI I 




t- 

B 


M 

9" 


o 


-« 

O 


oo 
A 
O 


09 

e-» 
- - 


00 
M 

rH 












a J 

-• " - 


! 

03 


l| 


00 

b> 


— I 

Hi 


o 


— ■ 


«o 

o 


V* 


n 


09 


| 








*« 
^r- 


Ml 


a 

o 


ll 
5* 


o 




» 




t- 




H 


C4 


- 








-3 II 


{ 

: 


i 

- 


— •5 

B a 

n 


h 

s 


OO 
00 


«9 

»3 


! > 


%r 


C 1 

:i 


o 

|g 
M 


OS 

IS 
■A 


P. 
09 


'O 

oo 










4 £ 


a 

I 
S 


»go 


ill! 




<C 

S 

9 


CD 
rH 

r. 


>-■> 
o 


ok 
v» 
•=> 


M 
.-. 

o 


rH 


»- 

A 


o 
A 
Cl 










ftftgi 


I 

M 
V 

n 

s 

i 
=» 


H o 

rH rH 

J: 


Hi 
ll 


ra 
» 
? 


cc 


9 
i - 
:i 


n 




ct 
^« 


oo 

o 
p» 
*H 


W 

oo 

Cl 
9+ 


U3 

CD 

111 


1 






SI 


i * 




! a 

6?5 


95 
CM 


to 

O 


01 


00 
«0 


— 

ci 

CM 


r- 
ri 


» 

OO 

co> 


Cl 
09 


oo 

•* 


0> 

f— 

"0> 









2D6 wklsu nam, 



ii* 

D 


X 

& 

H 
o 

m 


4 

r r * 

1 . ■ 

»n - t 

c -a 

tit 


Ml 




O OO m CO W N ?3 


m 

u 


•o co i— — o o ci i— "5 »c «r 




d i 


| 

a 

£ 

I 


i 5 

1. 1 

£ - - 

ill 


i • i 
a SB 




O M Ol i» CO co »Q on 
* KM ^ o A n n <o 


IS 

11 

C3 


t3C-«<orHi— ■» n n o - © t 

- « - - « "S II 


** • 

ft! 
■s~ 


• i ' — - •- - 1 ^ — — 

c*o»*«iocmcocoo^o^co 


1 


J 

4 
• 
I 


1 

1 
1 

: 

: 


?!j 

s J 

JS . ^ 
II * 

n* 


1*1 j 

i«l i 

a SB 


co oo o ny co — en 


H 

1-3 
£.3 


m « ° 

ooNwo^-in-o ; cj ^- • 

U-J il -« «— r-i 1- -f CI el JO Tl" 
~ _l |»« M L*> f~ rjri O 04 eo > 

- « - * -f II 




«s us «■» to -* o to ci ao o »- 

m if\ fVi i~ i t« 


d 

50 S 

s- 


A 

a 

■2 
& 

« 

a 

1 

9 


i.", 

M 

Hi 

Q = £ 


fill 


H 01 lev co cj» M 

OOOOOr-l-7>Cfl 


u 
II 

21 


to co o «-. o io r; ©** 

C3 to —f* ts CO O CI W , 

-=11 


2 .,; 


ci o ci ao piMfe o o «• 

i m tfi or± *~i la o% e i 


d I_<S 
| 

n 


* 

a 
§ 

& 
I 

M 

a 


>i 

o 

3 ci 

eip™ 

' o 

- — 

ill 

- - - 




*rv e> i ■ *. ' - c -i — 
ooi«oc»-»o» 

O O O O O rH CI CJ 


IJ 



V> CO n »— ■-• CO IQ T — — ^-OCi 

p « <m -r -o co o c-l o to i; Jr1 
rt ,_ _ J> ^ ,| 


11 


COOC4CO-«OtOC4aOCIIO 

41 1.-5 r- "J e-l M M ca — -o oo 
- h ci l; n t -f f 


§? . 

fx 


a 
1 

K 
O 
CI 

! 


d 3" 
111 


Soil 


O » O l- 9 9 O 

J. BMI «l I-- CO t» CO 


II 

21 


_ ^ o 

o — M ■* -o as — ^ K g d ri 

1 ri - H J -3 a 


ji 

(5 


cocr>oi«fit-cr»coosioo» 

il « - 1- « « - ft « '4 

n r-i CI OJ CO CO 

■ 



Wl'.LSH IRONS. 



t . 

~ A 

f 

H 


s 

: 


i 

r 
i 

\ 


•S? -n 
o = J 

*?• 

Iff 


I - 




IO C* -c -.— <" : ~- 
, - » « M « 1- 




\i 

* 

5s 


a ^ S 

N 4 ff'O t< 1" 4 M 4 # J o ^ 

i- -» a r- «a io us « o "3 "3 v" 


H 


C« O ■-• O CI CO CO O -» W I- 
r-r— I 51 CI CO C3 


rf 

cJ 

art 

§ 

n 


I 
a 

K 

i 
s 

n 

a 
| 

i 


°=- 

- 


H 
= 




. rH M CO — * O H t- W 

+ oooepoo--.-.cj 


IS 


_ aj oi 

Be-M'iQakhNcicoi'N 3 6 r* 

o --. c ■ eo o <o oo — i o g 

f*K»*'*7 II 




i i ci ~ CI : .r. - S 'a vj a 


n 
1 

i B 

1 

U 


- 

I 
- 

] 

• 

1 


i 
> 

i 

c 
i 
• 

! 


a 

11 

u 

■a - 

"3jS 

-■5 


<n 




1 9 ^ 9 4 9 oco 


11 
U 


-? V "7" *? '.~ ?* " ^ T p -D "9 


u 

■*= 


muiMn'.oacioiOii 

« IB r-i » C-l 05 CS A -T. 1- * 


rf 

•5 5-1- 

3 


3 

« 

a 
| 

M 

o 

r i 

g 
1 
3 
S 


4 

m — 
p o 

r« 
s 

ca 


K 
V 

1 

£5 


=il 

2 li 


. — ci co f 'o orj ■-. »o 




M 

14 
Si 

5-3 


•_dci-*»j-— ' fl« D V IB m r— o *C° 

• A, ^ A, -a (| | 




H M <| H 4 B 4 li 


pf 

d 

to 

=la 

"12 
§-> 


3 

5 

! 

c 

H 
o 

i 


J) | 

Pi 

I/. 

il| 
Q = S 


g f ^ 

if 

a.H 


O M *0 O- I-- t.o jo 


a « 

od o <- o o — 1- i- ri 3 Bfr- 
co ci o tr. — • «o cn -o o -r "C 1- 

" ^ ^ ^ | II 




CI k3 71 / to -~ M O — 'O ~C> 

n t-< «• M< *■ ^# 4 


d 

H 

a 


- 

a 

1 

2. 

M 

« 

1 


^ jj 
BOB 
* p -a 

r- r-» 

*>, 

11 


A 

H 
-= 
■ 

a 




. - 81 (1 » « r- i C, 


!| 

i 1 
ii~ 

*2 


#> C3 *> 

co ■— cn i— o o o ei c> -m i -j o 

Of-i««o-r«.BOown2 - ^. 

" ^ * * § 1 


f - s IS « »; * « a 1- 
otuscN-oeB-aoocicoo 

r-ir-r-e;lMeO-»-«l->r 




WELSH ANTHHAUTE IRONS. 




-S I 

HS 

III 



10 or> 

'w GO 

o — ■ 



5 i ■-. - .- 



H f« JO 



• n « <i ■ ■ « 

CI « r. CI r) o 
t- CI « ■* -* 



z= S 


i 3-9 s 
a « 2 


"*i 


11 


J 


II 
.3.3 


Hi 


£| 

n 



oi to o oo r* 
O «fi Of V HI 
o o o o ■-• 



Hi CO 

« n m cl 

O • CM «0 



~ O - i 

SI o n J" 

o £ a g 

H H )>• J 



13 hi 

■a '.~ 

•3 I 



oo »r> ei -* 
a a i- in 

r- CI 



CO -r 



H ^ 

I* 

ill 
III 



a J) 9 



! I 



O) Cl Cl 



— co o c» 

I- Ml « M 

O r-l « K 



ci c « o 

H - - ri 



I' 



*9 H cp fey M 




1 J I1 

Is 

I! 

a. a 



— • r - r. 

+ 8 3 S5 



O r-H -» 



•o CI « -» ».-> CB oo "5 

? ^ t 1 ? * r 1 ? 2 

^" t-4 



4 2 



O CI -n d T, -fi 

a r> ci n n o 
« « -w o 



- - -- 



ill 



5-J 



C7 ----- 

C 2 6 n 

f O cp cp 1-H 



li 



«cibcoioho - 3 
o - ti Ll «j ci J) g 
r« «< H a 



TJ H. 
' p-t 



Si 



S<PCMH>«kaBMtH>a] 

C-tK5F-.C*P3Hll»0.-» 

M Si «f ■# "* H It 




« c/5 ;r ca s> 
^ n S 9 h 3 



IS !• I- O ^ U H S 

o ~ to 'p cp us B g 
N H ri Jl 



OO O CI -» O CO 
O r- tl M T 
H SI O 



J Ci 

*7 





ENGLISH AND SCOTCH IRONS. 




------ 



i - - 1 ------ 1 

« *■» « fi-a g& 
- ; z — c i i 



O <o <N -» *-S m 
n u* 04 n •« 
« w n * 



8 8 



« » SI * 
CI »o ■— ■ CI 
r-. 01 



— M K9 



O CO -» -« TO mm to 2 
p — : : i - — — ' g 
H rt J 



CO rl -•• CD 0-1 CO 

Si k) ^ i-i n a - 
M H H I) « 



■ « « fl 

O « S Ck 
O e £J r-i rt 



en co «• t- g 

I- O CD O O 

ci <e a ci + g 



W t O CI CO 

w-t %QJ mm Cm *v 
r« H N i 4 



-* <0 -O CO — 

9 X ■ e 

9 9 r- r ¥ 



» f- e m o 3 

to B •. I M -J 

9 V T* T" V" 2 

H H H J 



CI -« S f I r" B 
<M CO A v 

• - . " SO - - 



302 



REMARKS ON THE EXPERIMENTS IN THE LAST ARTICLE. 



95. The objects sought for in every experiment were to obtain 
— the deflexion of the beam with given weights, generally in- 
creasing by equal increments, — and the set, or defect of elasti- 
city, as exhibited by the deviation of the beam from its original 
form, after the weight was taken off ; for reasons before men- 
tioned (art. 8(5). As the beams were generally broken, the 
deflexion at the time of fracture could not often be obtained 
by direct admeasurement ; it was therefore usually calculated, 
for each separate experiment, from the breaking weight, and the 
last weight, with its observed deflexion previous to fracture. 

Many of the experiments were on the Carron Iron, No. 2, 
both hot and cold blast ; and as these two denominations of 
iron differ in transverse strength only as 99 to 100, from the 
results of a great number of experiments, we may consider 
them as of the same strength. Some of the experiments 
were made to test admitted conclusions with respect to the 
strength of materials, and their objects will now be described. 

The experiments Not, 5 and were on bars somewhat 
greater than 1 inch square; and the bars Nos. 10 and 11 
were nearly of the same breadth as those, but had their 
depths 3 and 5 inches respectively. Hence, supposing each 
bar to be 1 inch broad, and the depths 1, 3, 5 inches respec- 
tively, the strengths should be as 1, I), 25, the square of the 
depths. The mean strength from the bars Nos. 5 and 6 was 
490 lbs., but as these were larger than 1 inch square, I will 
state the reduced results from a number of experiments. 
The strength per square inch from five cold blast bars of this 
iron was 467 lbs., and from five hot blast bars it was 459 lbs. ; 
mean from the whole 403 lbs. Multiplying this mean by 9 
and 25, give's for the strength of the bars, 3 and 5 inches 
deep, 4167 and 11,575 lbs. respectively. The 3 and 5-inch 
bars, in Nos. 10 and 11, are rather more than 1 inch broad, 
and their mean strengths are 3S90 and 10,298 ms. And, if 
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the breadths were reduced to 1 inch, the strengths would be 

.'37.')."), 10,007 lbs. respectively. But, as these numbers arc 
less than 4107, 1 1,57 5, as above, it appears that the strength 
of rectangular bars, of the same length and breadth, increases 
LB a ratio somewhat lower than as the square of the depth. 

It having been often asserted that, if the external part or 
crust of a cast iron bar be taken away, the strength of the 
internal part will be much less than that of a bar of the same 
dimensions, retaining its outer crust ; the result of the 
experiments in No. 0, compared with those of Nos. 5 and 0^ 
will show that the falling off in strength, if any, is not great. 

It was asserted by Emerson, in his ' Mechanics,' 4to, page 
114, that if a beam be made in the form of a triangular 
prism, and Jth of the height be taken from the vertex, parallel 
to the base, the remaining part will be stronger than the 
whole beam ; this result was obtained on a supposition that 
materials are incompressible. Tredgold, in art. 1 IS of this 
volume, computes the same, on the supposition of equal 
extensions and compressions from equal forces, and finds that 
if /yth of the depth of such a beam be taken away from the 
vertex, the strength will be about the greatest. The experi- 
ments Nos. 12 and 13 were intended to show how far tliis 
was true; and it appears that the frustrum, with ^th of the 
depth taken away, instead of being stronger than the whole 
triangle, was weaker than it in the proportion of 702 to 700. 
The object of the experiments Nos. 14 and 15 was principally 
to show that beams of cast iron, of the same dimensions, 
might be made to bear, when turned one way upwards, 
several times the weight which they would bear when turned 
the opposite way up. In this case the strengths were as 
1015 to 273, or as 4 to 1 nearly. This was first shown in 
the Author's Paper on the ' Strength and best Form of Iron 
Beams ' (Manchester Memoirs, vol, v.), and of which an 
abstract will be given in this volume. The experiments No. 10 
have in part the same object as those in art. 80, bc fn ribed. 
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EXPLANATION OF PRECEDING TABLE. 



96. In the preceding Table, the result from each bar is 
reduced to exactly 1 inch square ; and the transverse strength 
which may be taken as a criterion of the value of each iron, is 
obtained from a mean between the reduced results of the 
original experiments upon it; — first on bars 4 feet 6 inches 
between the supports, and next on those of half the length, or 
2 feet 8 inches between the supports. All the other results 
are deduced from the 4 ft. 6 inch bars. In all cases the 
weights were laid on the middle of the bar, 

97. Since the experiments above were given to the public, 
some others, upon bars of the same dimensions, and having 
their results reduced in the same manner as these, have been 
published by Mr. David Mushet. Other experiments on the 
Ystalyfera iron have been given to the public by Mr. Evans : 
those above are results obtained from experiments upon two 
samples of each kind, sent to Mr, Fairbairn from the 
proprietors. 

Mr, Fairbairn has likewise recently sent to the Institution 
of Civil Engineers the results of experiments made for him by 
the Author, upon bars of the same size as those in the pre- 
ceding pages, and on four other kinds of cast iron, viz. s iron 
obtained from Turkish ores ; iron from the island of Elba ; 
and two kinds of Ulvcrston (English) iron. 

9S. Explanation and Uses of the preceding Table. 

1st. Explanation. — The column representing the number 
of experiments refers to those from which the strength of the 
beams was obtained. 

The specific gravity was obtained, generally, from a mean 
of about half a dozen experiments, on small specimens, 
weighed in and out of water. 

The modulus of elasticity was usually obtained from the 
deflexion caused by 112 lbs. on the 4 feet 6 inch bars, 
calculated from the value of m in the formula, m=;j7^. (Part 
I. art. 256). The numbers representing the power to resist 
impact were obtained from the product of the breaking weigh! 
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of the bars, by their ultimate deflexion; as it appeared from 
the experiments in the Author's Paper ' On Impact upon 
Beams/ (British Association of Science, fifth Report,) that the 
conclusions of Tredgold (art. 304), with respect to a modulus 
of resilience, applicable so long as the elasticity was un- 
injured, might be extended to the breaking point in cast 
iron. 

2nd. Uses of the Table. — These are numerous, but two 
only of the most common will be mentioned. If I and d be 
the breadth and depth of a rectangular beam in inches, / the 
distance between the supports in feet, to the breaking weight 
in lbs., xv any other weight, d its deflexion, and m the 
modulus of elasticity in ibs., for a square inch : putting 
4"5 for the distance 4 feet G inches, above, we have 

4-5 x biP x 

ic = ^ The value of s being taken from the Tnble above, 

, w h rf* <r ) (Part I. art. 250) the value of the modulus m boing obtained from 
' 432 P i tbe Table. 



DEFECT OF ELASTICITY. 

99. In all the preceding experiments on rectangular bars, 
the defect of elasticity, measured by the deflexion remaining 
in the bar after the load had been removed, was observed, for 
reasons previously given (arts. 8f», 92) ; and to show the law 
which regulates this defect, its value, with equal additions of 
weight, will be collected from the mean results upon each 
iron, and placed under the corresponding weights in toe 
following Table. 
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100. Deftcl <•/ clailic'tty, or set, ai ullainal /rout the mean dtjlexiim of Iran tail fr*/m 
mndelt 1 inch Mquare, laid on supports 4'5 ft, aiunder ; uiing ovly thotr trows upon 
whith experiment* had been made, tu to the mt, upon all iht weight* #rt down. 



FIRST SERIES. 



No. 1 I ruin. 
Elsicar, cold blast . 
Muirkirk, cold blast . 
Cute, cold blast 

No. 2 IronB. 
Corbyu'B Hall . 
Beaufort, hot bloat . 
Pentwyn . 
Frood, cold blast . 

No. 3 Irons. 
CarrOu, hot blast 
Gartshcrrie, hot blast 
Dundy van, cold bloat 
Coed-Talon, do. 
Ponkoy, do. 
MaeeUg, number unknowu 

No. 2 Irons. 
OMberry, cold blast . 
Pontypool 

Brimbo , , . 
Carron, cold blast . 

No. 3 Irom. 
Btninn, cold blast 
Coed-Talon, Lot blnst 



Means from sets from li'mcteon 
kiu<bi of iron , . . . 
Sets computed from the formula i 

X = TTSt where x is the set, 

and v the -weight in \ cwts. , , , 



SECOND SERIES. 
No. 2 Irons, 
Adelphi, cold blnst ■ 
Knglo Foundry, hot blast . 
Level, hot blast 

Pant 

No. 3 Irons. 
Wallbrook . 
Carron, cold blast 



Means from the six kinds of iron . 
Means from the lost six in former ) 
part of Table . . . ,\ 

Means from the twelve kinds of iron 

Sets computed, an Lefore, from \ 

W ' 
formula x = sen x and k> 

o Jo 

as above . 





112 


Ilia 


224 


2S0 1 


336 


392 


1 10 




•020 1 


| 

■058 


■051 


075 


102 


135 


•17A 




•nil 




051 


•081 


•121 ; 


•172 


or r 




•01O 


•022; 


042 067 


•098 


•133 


185 




.015 


•o:i6 


■062 


•038 


•122 


-.71 


•284 




.008 


017 


■030 


•049 


•073 


103 


•ISO 




.008 


018 


•030 


•048 


073 


■101 


139 




.010 


•032 


•050 


-08* 


•i»i 


1SS 


•273 




006 


Oil 


•021 


•036 


'052 


•075 


■10: J 




'018 


'034 


UoU 


uoi 


114 


155 


•209 




•008 


021 


•037 


•059 


089 


126 


181 




•011 


•020 


■033 


•048 


•006 


•080 


•no 




•010 


•020 


"031 


*04S 


068 


-094 


•12t 




■013 


■030 


056 


090 


■140 


•191 


•274 


•003 


•012 


031 


■054 


083 


122 


■175 


-258 


•005 


•020 


038 


■065 


Vs 1 


•1421 '204 


•29< 


•002 


014 


•0S3 


"058 


088 


•124 


-172 


•237 


•003 


•006 


•012 


•022 


•034 


•053 


■076 


105 


•006 


•018 


•035 


■051> 


093 


141 


■197 


•290 


uus 


■ in i 

VI 1 




•039 


057 


077 


-101 


•1 'If! 




'0124 


•026 


•045 


•069 


■100 


■140 


■1 ;*t 




•0117 


•026 


•047 


073 


•105 


•143 


•187 


•002 


■014 


■034 


000 


093 


■136 


-201 




•003 


■013 


•030 


■051 


'•078 


113 


•159 




•O02 


■on 


■022 


•088 


061 


•088 


•121 




•005 


014 


•025 


042 


•059 


■076 


100 




•003 


•013 


•028 


•049 


•071 


103 


■188 




005 


•011 


•024 


•013 


■066 


■094 


•129 




0037 


0127 


■027 


•047 


•071 


■102 


141 




•0038 


0126 


•029 


051 


•080 


•116 


•167 




0037 


0127 


028 


049 


•076 


•108 


•149 




•0030 


0122 


■027 


049 


•078 


110 


149 





101. Comparing the mean sets, or defects of elasticity, in 
eacJi series of the preceding Table, with the computed ones, it 
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appears that the defects vary nearly as the square of the 
weights ; the set being the abscissa and the weight the 
ordinate of a parabola. 

Hence there is no force, however small, that will not injure 
the elasticity of cast iron. 

102. When bars of a _L form of section arc bent, so as to 
make the flexure to depend upon the extension or compression 
of the vertical rib (as in arts. 86, and 94, experiments 11 to 
16), the set is nearly as the square of the extension or com- 
pression j these being measured by the deflexions. 

103. In all the preceding experiments, the weight laid upon 
lhu beam acted in a vertical direction ; and the weight of the 
beam, independently of the other weight, had a sniull 
tendency to deflect the beam; the deflexions given in the 
Table being measured as commencing from that position 
which the beam had taken in consequence of its own weight. 
This, therefore, introduced an error which, though very small, 
on account of the great strength of cast iron compared with 
its weight, ought, if possible, to be avoided ; especially where 
the object was, — not only to prove that defects of elasticity 
were produced by weights which were not hitherto supposed 
capable of injuring the elasticity, — but also to seek for the Jaw 
which regulated these defects. Other objections to these 
residts might be urged, as for instance ; when a beam is laid 
upon two supports, and bent by a weight in the middle or 
elsewhere ; the friction between the ends of the beam and the 
supports will have a slight influence upon the deflexion, a 
matter which has been submitted to calculation by Professor 
Moscley* in his able work on engineering. To meet the 
objections above, I had an apparatus constructed with four 
friction wheels, two to support each end of the beam ; one 
wheel acting horizontally and the other vertically. The 
horizontal wheels were intended to destroy the friction arising 
from the weight of the beam, and the vertical ones that from 

* " Mechanical Principles of Engineering and Architecture," urt. 880. 
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the weight applied ; this weight, in its descent, being made to 
act horizontally upon the beam, by means of a cord passing 
over a pulley. The results obtained in this way confinn the 
truth of the former ones ; and by being freed from small 
errors, are much more consistent among themselves than they 
would otherwise have been. 

104. A bar of the J_ form of section, bent so as to 
compress the vertical rib, with weights varying from 112 to 
1344 lbs., gave, from a mean of two experiments very 
carefully made, the set, as the 1*88 power of the deflexion, 
measuring the compression, of the rib. In these experiments, 
each weight was allowed to remain on the beam five minutes, 
and the set was taken twice, at intervals of one and five 
minutes after unloading; it having been found that a greater 
length of time produced but little change in the quantity of 
the set. 

105. Experiments made to extend the vertical rib, the bar, 
during ilexurc, being turned the opposite side upwards, gave 
the set as a power of the deflexion, or extension, somewhat 
higher than as above. 

106. Supposing the set to arise wholly from the extension 
or compression of the rib, which is very probable, it will 
therefore be nearly as the square of the extension or com- 
pression, as above observed. If, therefore, x represent the 
quantity of extension or compression, which a body has 
sustained, and a x the force producing that extension or 
compression, on the supposition that the body was perfectly 
elastic ; then, the real force f, necessary to produce the 
extension or compression x, will be smaller, than on the 
supposition of perfect elasticity, by a quantity bar; and we 
shall havcy= a w—ba?. 

107. The law of defective elasticity, as here given, and its 
application to other materials, as stone, timber, &c, was 
discovered by the author in July, 1843, and laid before the 
British Association of Science, at its meeting in Cork. 
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OF THE SECTION OF GREATEST STRENGTH IN CAST IRON BEAMS. 

108. The very extensive and increasing use made of cast 
iron beams renders it excedingly desirable that they should be 
cast in the form best suited for insuring strength ; and that, if 
possible, formulae should be obtained by which the strength 
can be estimated. Without these the engineer and founder 
must be in constant uncertainty ; and either endanger the 
stability of erections, costing many thousands of pounds, and 
perhaps supporting hundreds of human beings, or incur the 
risk of employing an unnecessary quantity of metal, which, 
besides its expense, does injury by its own weight. 

109. The earliest use of this most valuable material for 
beams has been but of recent date : so far as I can learn it was 
first used by Boulton and Watt, who in 1 S00 employed beams, 
whose section was of the form ^ , in building the cotton mill 
for Messrs. Philips and Lee in Sal ford. These, the earliest 
cast iron beams, differed from the _ ^ formed beams of the 
present day, in having the lower portion of the vertical part 
thicker than the modern ones. Both have had the same 
object in their construction, that of supporting arches of 
brick-work for the floors of fire-proof buildings ; and us they 
were well suited for that purpose, and of a convenient form 
for casting, besides being very strong, particularly the modern 
ones, comparat ively with rectangular beams of that metal, their" 
use has been very general, and they are still employed j though 
they have now been supplanted in most of the large erections 
of Manchester and its neighbourhood, and many other parts 
of the kingdom, by another form derived from experiments of 
which I gave an account in the fifth volume of the 1 Memoirs 
of the Literary and Philosophical Society of Manchester' 
(second series) published in 1831. I propose giving here 
extracts from the leading results and reasonings in that Paper. 

110. In the application of a material like cast iron to 
purposes to which it had not been before applied, it could not 
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be expected that the form best suited for resistance to strain, 
any more than the quantity necessary to support that strain, 
could be at once attained. The J_ form of cast iron beam 
mentioned above, was, however, by no means a bad one ; it 
had undergone modifications and improvements by different 
parties, and had had various experiments made upon it, some 
of which, made by my friend Mr. Fairbaim, on a large scale, 
I gave in the Paper mentioned above. This form, however, 
Mr. Tredgold saw, was not the best, and gave, hi his article 
on the 'Strongest Form of Section' (Part I. Section IV.), a 
representation of what he considered the best (Plate I. fig. 0), 
a beam with two equal ribs or flanges, one at the top and the 
other at the bottom. Mr. Tredgold proposed this form, 
assuming that, whilst the elasticity of a body is perfect, it 
resists the same degree of extension or compression with equal 
forces ; and therefore he concluded that a beam, to bear the 
most, shoidd have equal ribs at top and bottom, as it ought 
not to be strained so as to injure its elasticity.* 

111. Having myself given a Paper on the 'Transverse 
Strength of Materials/ in the fourth volume of the ' Memoirs 
of the Literary and Philosophical Society of Manchester,' 
published in 1824, containing the mathematical development 
of some principles to which I attached importance, besides 
some experiments to ascertain the position of the neutral line 
in bent pieces of timber, I felt persuaded that the form 
proposed by Mr. Tredgold was not the best to resist fracture 
in cust iron. It was evident that that metal resisted fracture 
by compression with much greater force than it did by 
tension, though the ratio was then unknown : and I W9t 
convinced that the transverse strength of a bar depended in 
some manner upon both of these forces j the situation of 
•the neutral line being changed before fracture in consequence 
of their inequality. 

• Sir. TreilguUl did uot lotpoct tUt tU aiutktty was injured by forcta liomvor 
auiil), set art. 8<J, &C< 
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112. To obtain further information on this subject, I 
adopted, about the year 1828, a mode of analysing, separately 
the forces of extension and compression, in a bent body ; 
results of which have been given in arts. 86 and 94, from 
experiments, since made for other purposes. I had bars cast 
from a model, 5 feet long, whose section was of the 

It was in all parts £ of an inch 
form, p ' n thick, and uniform in breadth and 

depth, the thickness being as 



1> B 



small as the castings could be run to make them uniform and 
sound ; the breadth A B of the flange was 4 inches, and the 
depth E E of the rib running along its middle was 1*1 inch. 

113. When the castings so formed had their ends placed 
horizontally upon supports, and weights were suspended 
from the middle, the flexure would depend almost entirely 
upon the contraction or extension of the rib F E. When the 
lib was upwards, the deflexion would arise from the contrac- 
tion of that rib, and, when downwards, from its extension. 

114. To ascertain the resistance to fracture in these two 
cases, I took two castings, apparently precisely alike, and 
placing the ends of each of them upon two props 4 feet 3 inches 
asunder, broke them by weights in the middle, one with the 
rib upwards, and the other with it downwards, as in the figure. 

That with the rib downwards bore 2\ cwt., and broke 
with 2^ cwt. The other casting bore 81 cwt., and broke 
with cwt. Deflexion of the latter in middle with 4 cwt. = 
C inch, with B\ cwt. = 18 inch. 

115. The strength of the castings was, therefore, nearly as 
2i to 9, or us 10 to 36, accordingly as they were broken one 
or the other way upwards. 

11G. When the second broke, a piece flew out, whole, 
from the compressed side of the casting, of the following 
form, A, D, B, where A B = 4 inches, and C D=°-S inch; 
the point D at the bottom being in or near to the neutral line 
of the bar, a side view of which is represented in the figure. 
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The side A B of the wedge-like piece broken out, was, as 
will be seen, in the direction of the length of the casting, and 
the weights were laid on at C. Hence, as the depth of the 

casting was found to be 13 5 inch, C D=j^= of the 

depth, nearly. In the experiment on the second bar (art. 

86), made since that time, C D = j|j;=^ nearly. 

117. These experiments are interesting; they show the 
effect of the position of the casting on the strength ; give the 
situation of the neutral line ; and may, from the peculiar form 
of the wedge, which, as represented here, is more perfect than 
usual, throw some additional light on the nature of the strain. 

US. Those who with Tredgold (Part I. art. 37, &c.) sup- 
pose the strength to be bounded by the elasticity, and that 
the same force would destroy the elastic power, whether it was 
applied to extend or compress the body, must have conceived 
these eastings, and indeed those of every other form, to be 
equally strong, whichsoever way upwards they were turned ; — 
a conclusion which we see would lead to very erroneous results, 
if applied to measure the ultimate strength of cast iron. 

Other experiments were made at that time upon bars of the 
same form as the preceding, to ascertain the deflexions with 
given forces when the rib C D was subjected alternately to 
tension and compression ; and it was shown as might be 
expected, that the extensions and compressions, measured by 
the deflexions, were nearly equal from the same forces, though 
the extension was usually somewhat greater than the com- 
pression, the difference increasing with the weight, through 
the whole range to fracture. This always took place bv the 
2'ib being torn asunder, the compression necessary tf 
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fracture being several times as great as the extension re- 
quired to <lo it, as may be inferred from art. 33. 

119. The object of the preceding experiments being to 
prepare, in some degree, the way to an inquiry into the best 
forms of beams of east iron \ we will now reconsider the strain 
to which they are subjected, witJi a view to their adaptation 
to bear a given load with the least quantity of metal. 

120. Suppose a beam supported at its ends, and bent by a 
weight laid at any intermediate point upon it : since all 
materials are both extensible and compressible, it is evident 
that the whole of the lower fibres are in some degree of 
extension, less or more, and the whole of the upper fibres are 
in a compressed state ; there being some point, intermediate 
between both, where extension ends aud compression begins. 
If then we suppose all the forces of extension and com- 
pression, in the section of the beam where the deflecting force 
is applied, to be separately collected into two points, one over 
the other, the beam will offer the greatest resistance, the 
quantity of metal being the same, when these points are as far 
asunder as possible, since the leverage is then the greatest. 

121. When the depth of the beam is limited, this object 
would, perhaps, be best attained by putting two strong ribs, 
one at the top anil the other at the bottom, the intermediate 
part between the ribs being a thin sheet of metal, to keep the 
ribs always at the same distance, as well as to serve another 
purpose which will be mentioned further on. 

122. As to the comparative strength of the ribs, in beams 
of different materials, that depends ou the nature of the body, 
and can only be derived from experiment. Thus, suppose 
the same force were required to injure the elasticity to a 
certain extent, or to cause rupture, whether it acted by 
extension or compression, then the strengths of the ribs 
should be equal ; and this would be the case whatever the 
thickness of the part between the ribs might be, providing it 
was constant. But, supposing the thickness of the part 
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between the ribs was so small that its resistance might be 
neglected, and tlie metal to be of such a nature that a force F 
was needed to injure the elasticity to a certain degree by 
stretching it, and another force G to do the same by coin- 
pressing it, it is evident that the size of the ribs should be as 
G to Pi or inversely as their resisting power, that they may be 
equally affected by the strain. Or if, the resistance of the part 
between the ribs being neglected, it took equal weights F and 
G'to break the material by tension and compression, the beam 
should have ribs as G' to F' to bear the most without fracture. 

123. This last matter must be considered with some 
modifications : it would not, perhaps, be proper to make the 
size of the ribs just in the ratio of the ultimate tensile to the 
crushing forces, as the top rib would be so slender that it 
would be in danger of being broken by accidents ; and the 
part between the ribs, though thin, has some influence on the 
strength. 

124. The thickness, too, of the middle part between the 
ribs is not a matter of choice i independent of the difficulty of 
casting, and the care necessary to prevent irregular cooling, 
and contraction, in beams whose parts differ much in thick- 
ness, the middle part cannot be rendered thin at pleasure, but 
must have a certain thickness, though in long beams the 
breaking weight is small, and a very small strength in the 
middle part is all that is necessary. 

125. The neutral line being the boundary between two 
opposing forces, those of tension and compression, it seems 
probable that bending the beam would produce a tendency to 
separation at that place. Moreover, the tensile and com- 
pressive forces are, strictly speaking, not parallel; they are 
deflected from their parallelism by the action of the weight, 
which not only bends the beam, but tends to cut it across m 
the direction of the section of fracture ; and this last tendency 
is resisted by all the particles in the section. This com- 
pounded force will then tend to separate the compressed part 
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of the beam, in the form of a wedge, and this tendency must 
be resisted by the strength of the part between the ribs or 
flanges. We have had several instances of fracture this WW 
(arts. 86, 94), and there will occur several others in the course 
of the following experiments, as in art. 135, Experiment 12, &c. 

126. We see then that there are three probable ways in 
which a beam may be broken : 1st, by tension, or tearing 
asunder the extended part; 2nd, by the separation of a wedge, 
as above ; and 3rd, by compression, or the crushing of the 
compressed part. I have not, however, obtained a fracture, 
by this last mode, in cast iron broken transversely. 



EXPERIMENTS TO ASCERTAIN THE BEST FORM OF CAST IRON 
BEAMS, AND THE STRENGTH OF SUCH BEAMS. 

127. In the commencement of these experiments the form 
I first adopted was one in which the arc, bounding the top of 
the beam, was a semi-ellipse, with the bottom rib a straight 
line ; but the sizes of the ribs at top and bottom were in 
various proportions. The ribs in the model were first made 
equal, as in the beam of strongest form according to the 
opinion of Mr. Tredgold (Section IV., art. 37) ; and when a 
casting had been taken from it, a small portion was taken 
from the top rib, and attached to the edge of the bottom one, 
so as to make the ribs as one to two ; and when another 
casting had been obtained, a portion more was taken from the 
top, and attached to the bottom, as before, and a casting got 
from it, the ribs being then as one to four. In these altera- 
tions the only change was in the ratio of the ribs, the depth 
and every other dimension in the model remaining the same. 

128. Finding that all these beams had been broken by the 
bottom rib being torn asunder, and that the strength by each 
change was increased, I had the bottom rib successively 
enlarged, the size of the top rib remaining the same. The 
bottom rib still giving way first, I had the top rib increased, 
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feeling that it might be too small for the thickness of the 
middle part between the ribs. The bottom rib wa9 again 
increased, so that the ratio of the strengths of the bottom and 
top ribs was greater than before ; still the beam broke by the 
bottom rib failing first, as before. As the strength continued 
to be increased more than the area of the section, though the 
depth of the beam and the distance between the supports 
remained the same, I pursued, in the future experiments, the 
same course, increasing by small degrees the size of the ribs, 
particularly that of the bottom one, till such time as that rib 
became so large that its strength was as great as that of the 
top one ; or a little greater, since the fracture took place by a 
wedge separating from the top part of the beam. I here 
discontinued the experiments of this class, conceiving that the 
beams last arrived at, were in form of section nearly the 
strongest for cast iron. 

129. In most of the experiments the beams were intended 
to have been broken by a weight at their middle; and, 
therefore, the form of the arcs, bounding the top of the 
beams, was, in this inquiry, of little importance : in making 
them elliptical, they were too strong near to the ends for a 
load uniformly laid over them ; the proper form is something 
between the ellipse and the parabola. It is shown, by most 
of the writers on the strength of materials, that if the beam 
be of equal thickness throughout its depth, the curve should 
be an ellipse to enable it to support, with equal strength in 
every part, a uniform load ; and if there be nothing but the 
rims, or the intermediate parts be taken away, the curve of 
equilibrium, for a weight uniformly laid over it, is a parabola. 
When, therefore, the middle part is not wholly taken away, the 
curve is between the ellipse and the parabola, and approaches 
more nearly to the latter, as the middle part is thinner. 

180. The instrument used in the experiments was a lever 
(Plate II. fig. 40) about 15 feet long, placed horizontally, one 
end of which turned on a pivot in a wall, and the weights 
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were hung near to the other ; the beams being placed 
between them and the wall, at 2 or 3 feet distance from it. 

131. All the beams in the first Table (Table t following) 
were exactly 5£ inche3 deep in the middle, and 5 feet long, 
and were supported on props just t feet 6 inches asunder. 
The lever was placed at the middle of the beam, and rested 
on a saddle, which was supported equally by the top of the 
beam and the bottom rib, and terminated in an arris at its 
top, where the lever was applied. The deflexions were taken 
in inches and decimal parts, at or near the middle of the 
beam, as mentioned afterwards. The weights given are the 
whole pressure, both from the iever and the weights laid on, 
when reduced to the point of application on the beam. The 
dimensions of section in each experiment were obtained from 
a careful admeasurement of the beam itself, at the place of 
fracture, which was always very near (usually within half an 
inch of) the middle of the beam ; the depth of the section being 
supposed to be that of the middle of the beam, or 5£ inches. 

132. As the experiments were made at different times, and 
there might be some variation in the iron, though it was 
intended always to be the same, a beam of the same length 
and depth as the others, but of the usual _L *" orra ' ^ wavs 
from the same model, was cast with each set of castings for 
the sake of comparison. The results of the experiments upon 
these beams are given in the third Table. 

133. The first six beams, in the first Table, were cast 
horizontal, that is, each beam lay flat on its side in the sand ; 
all the rest were cast erect, that is, each beam lay in the sand 
in the same posture as when it was afterwards loaded, except 
that the casting was turned upside down, when in the sand. 

134. In all the experiments the area of the section was 
obtained with the greatest care j it includes, besides the parts 
of which the dimensions are given, the area of the small 
angular portions at the junction of the top and bottom ribs 
with the vertical part between them. 
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beams being made 5 fret long and laid on tupporU 4 feet 6 inches at wider, and having the 
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REMARKS ON TABLE I. 



REMARKS EPON THE EXPERIMENTS, IN TABLE I., TO OBTAIN THE 
BEST FORM OF CAST IRON BEAMS OP WHICH THE LENGTH 
AND DEPTH WERE INVARIABLE. 

138. It has been mentioned before, tlint these experiments 
were begun with that form of section of beam which Tredgold 
(Part I., art. 40) was induced to consider as the strongest, 
the top and bottom flanges in it being equal. This form 
was, however, found to be £}th weaker to resist fracture than 
that in common use (the X form) ; though it would, perhaps, 
be nearly the strongest in wrought iron. The top flange, in 
the model before used, was next reduced, and the part taken 
off it was added to the bottom one. This alteration gave an 
increase of strength, and the beam, in Experiment 3, was 
somewhat stronger than that of the usual form cast with it 
for comparison. It did not now seem advisable to decrease 
further the top flange j and as every beam had been found to 
break by tension, or through the weakness of the bottom 
part, I thought it best to keep increasing the bottom flange, 
by small degrees, till such time as the beam broke by the 
rupture of some other part. Proceeding thus, the beam, in 
Experiment 5, had its bottom and top ribs, or flanges, as 4^ 
to 1 ; and the result from that form of section was a gain in 
strength of about ^th. Before increasing the bottom rib any 
further, I added a little to the top one, as the vertical part of 
the beam, or that between the ribs, would be perhaps strong 
enough for much larger ribs. In Experiments 0, 7, and 14, 
the top rib and vertical part of the model were the same, the 
only difference being in the increasing breadth of the bottom 
rib. From these, the gain in strength, above what was 
borne by beams of the usual form, was respectively ^th, Jth, 
and between £th and ^rd. 

In Experiments 8, 9, 10, 11, 12, 13, the top rib of the 
model was the same; but it was somewhat larger than in 
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Experiments 0, 7, and 14, and the bottom rib was the only 
part intended to be varied. In the 12th Experiment of the 
Table (being the 19th made) the section of the bottom rib at 
the place of fracture, the middle, was more than double the 
rest of the section there ; and the ratio of the top and bottom 
ribs was as 1 to C. In all the beams before this, fracture 
had taken place through the weakness of the bottom rib. In 
this it took place by the separation of a wedge from the top 
rib and the vertical part of the beam, which part happened 
to be thinner than usual : the gain in strength, arising from 
the form of the section in this beam, was upwards of fths of 
what the beam of usual form bore j and the saving from the 
general form of the beam was nearly f ths of the metal. This 
experiment was repeated in Experiment 13, but the beam, 
though cast from the same model, had its vertical part thicker 
than in the former ; and its strength, per square inch of sec- 
tion, was less. Fracture took place in it by the rupture of the 
bottom rib, as in all the preceding experiments except the last. 

The form of section in Experiment 12 is somewhat better 
than that in Experiment 14 ; it is the best which was arrived 
at for the beam to bear an ultimate strain ; and it is, doubt- 
less, nearly the strongest which can be attained i for the 
vertical part between the flanges is as thin as it can, pro- 
bably, be cast ; and the remainder of the metal is disposed in 
the flanges, and consequently as far asunder as possible, the 
section of the flanges being in the ratio of 6 to 1, or nearly in 
that of the mean crushing and tensile strength of cast iron 
(Part II., art. 33). 

The strengths, per square inch, borne by the beams in 
Experiments 12, 13, and 14, were 4075, 3576, 3883 lbs. 
respectively, the mean being 3845 lbs. And the strength of 
the beam of the common form (Table III.), cast with them 
for comparison, was 28S5 lbs. per square inch. The differ- 
ence, or strength gained from a mean among the results, 
was therefore 960 ibs., or upwards of ^th of that mean, 



330 



FORM OF REAM ALTERED. 



Some of the beams, it will be noticed, had their bottom rib 
considerably thicker than the vertical part between the ribs ; 
the line of junction being tapered from the thick to the 
thinner part. This tapering was more gradual, and higher 
up the beam, than is represented in the forms of section. 
The castings obtained were very good, as might be inferred 
from the strength of them ; but as additional care is requisite 
to obtain good castings, when the parts differ much in 
thickness, we should bear in miud that it is not absolutely 
necessary, but convenient, to make one part thicker than 
another. The same strength would have been obtained by 
making the bottom rib broader and thinner than that in the 
beams tried, leaving the quantity of metal the same. 

FORM OF BEAM ALTERED. 

139. After Experiment 7, it was evident that the bottom 
flange in the future beams, if made of equal size throughout, 
as heretofore, would become very heavy ; I had, therefore, the 
form of the beams, near to the ends, changed, leaving the 
section in the middle, as before, and making the height of the 
beam equal throughout, instead of being elliptical, as in the 
previous experiments. The bottom flanges were both made 
to taper towards the ends in the form of a double parabola 
whose vertex was in the middle of the beam j and the ratio of 
the sections of the flanges were, throughout the length of the 
beam, the same as that in the middle. (See Plate III. figs. 
42 and 43, the former being a plan, and the latter mi 
elevation of the beam.) 

140. From the great quantity of matter in the flanges, 
particularly the bottom one, in the subsequent experiments, 
and the small thickness of the part between the flanges, I was 
convinced that nearly all the tensile force would be exerted bv 
the bottom flange, whilst the rest of the beam would serve for 
little more than a fulcrum ; the centre of resistance to 
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compression, or of that fulcrum, being very near to the top ; 
it being perhaps nt the point r, in the experiments iu the 
Table (Table I.). 

Suppose then D to be the vertical distance from the centre 
of compression, at any part of the beam, to the centre of 
tension in the bottom flange ; and if T be the direct tensile 
strength of tbe bottom flange at that part, T multiplied by 
some function of D, (or T D nearly,) will represent the 
strength of the beam there. But D throughout the same 
beam will be a constant quantity, or nearly so ; the strength 
of the beam at any part, will, therefore, be nearly in pro- 
portion to that of its bottom flange at that part ; and as the 
strain will be less towards the ends than elsewhere, the bottom 
flange will be reduced there likewise. Suppose the bottom 
flange to be formed of two equal parabolas, the vertex of one 
of them, A C B, being at C, in the figure annexed j then, by 




the nature of the curve, any ordinate rfc isas AexBf; the 
strength of the bottom flange, therefore, and consequently 
that of the beam at that place, will be as this rectangle. It is 
shown too, in Part L, and by writers on the strength of 
materials generally, that the rectangle AfxBe is the 
proportion of strength which a beam ought to have, at any 
distance A c from A, to bear equally the same weight in every 
part, or a weight laid uniformly over it. The conclusions 
above were verified by several experiments, in which beams 
were broken by weights applied at half the distance between 
the middle and the ends, 

1 11. From the experiments in Table L, in which the length 
and depth of the beam were always the same, it would appear, 
when the size of the top flange and the thickness of the 
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on its sides, oue-twentieth of these numbers, or 2G*8 an 
25 7, will be the value of c to give the breaking weight in 
tons. Neglecting the decimals, and taking 26 for the mean 
value of r, we have 

m cad 20 ad 
I ~ I 

for the strength in tons where the dimensions d and. I are in 
inches. 

But if /, the distance between the supports, be taken in feet, 
the value of c will be §| = 2*166, and the strength in tons 
will be 

.. r 2 166 ad 

i — 

This rule i.s formed on the supposition, that the strength of 
the flanges is so great that the resistance of the middle part 
between them is small in comparison, and may be neglected. 

Another approximate rule, for the strength of the beams in 
Tables I. and II., and which includes the effect of the vertical 
part between the flanges, may be deduced as below. 

147. Since cast iron resists rupture by compression with 
about 6^ times the power that it does by extension, (art. 33,) 
we may consider it as comparatively incompressible, and 
suppose that the operation of the top flange of the beam, 
when bent, is only to form a fulcrum upon which to break the 
bottom flange and the part between the flanges. 

Let then A D E represent the section of the beam in the 
middle, 1) E being its bottom flange and A the top one, round 
which it turns. 
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Let W = 


breaking weight. 


/ = 


distance between supports. 


d = 


A C = the whole depth. 


0mm 


A B = the depth to the bottom flange. 


b = 


D E = the breadth of the bottom flange. 


// = 


F G = the thickness of the vertical part. 


/"=- 


the tensile strength of the metal per unit of 




section. 


n = 


a constant quantity. 



To seek for the strength of the beam we may estimate, 
first, the resistance of a rectangular solid whose depth is A C 
nnd breadth D E, as shown by the dotted lines, and subtract 
from that the resistance which would be offered by that part 
which the beam wanted to make it such a uniform solid as 
the above. 

**• •* = moraen t °f resistance of the particles in the 

rectangular solid AD E, 
and f = moment of resistance of the part necessary 

to make the beam a solid rectangle, where f is the 
strain of the particles at the distance AB. 
When the beam is supposed to be incompressible, as in the 
present case, n is equal to 3, and when it is equally extensible 
and compressible, n is equal to (Tredgold, art. 110). 

But/ :/::<* = 

Substituting this value for f in the latter moment of 
resistance, and subtracting the result from the former moment, 
gives the moment of resistance of the solid equal to 

n d n 

But, from the property of the lever, this moment is equal to 
i I x ^ ==/ -^ J or to half the weight acting with a leverage of 
half the length. 
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Whence -^x^l*' 



,jZjji#-0-if)#.j 

•'• w = ^l id, - (6 - i ' ),i ' , i- 
In the same iron, / and n are constants ; putting c 
shall have 

w = ± jicf- (6 — &o^'*j • 
This formula gives 



V, we 



diW 



Tabic I. 



Tublel I. 



Value ofe; 
193278 
1666-86 
1593-82 
1607-46 
1604-63 
1623-98 
162743 
U 547-49 



The numerical value of c, calculated by this formula, from 
each of the experiments in Tables I. and II., taking the 
breaking weight in lbs., the length in feet, and the other 
dimensions in inches, is as below. 

Value of c. 
f 1897-98 
1735-94 
1666-81 
1638-92 
1744 10 
1725-90 
163174 
1785-96 
1570-80 
I 183514 
| 167101 
U797-87 

Mean value of c from the whole twenty beams, 1690 28. 

This value of c is in lbs., and dividing it by 2240, gives 7544 
for its value in tons. 

The iron in my experiments on beams was of a strong 
kind, made with a cold blast ; and many of the beams were 
cast erect in the sand, which gives them a little additional 
strength. We may, therefore, expect that the value of c, just 
obtained, will be somewhat too great for the generality of hot- 
blast castings; and for large beams, the iron of which is 
usually softer than that of small ones. We will, therefore, 
collect here its values, to obtain the strength in tons, com- 
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in 



putcd from the results of other experiments on a large scale 
given further on. Taking them in the order in which they 
are inserted, we have as follows : 

From Messrs. Marshall's beams (;irt. 163), C06t from the cupola, 

,, „ « . c = "710 ,• 

From Mr. Gooch'fi beam (art 154), we obULn c = -67t> ) 

Messrs. Marshall's beam (art. 153), cast from the air furnace, give* c = - 795 

Mr. Culjitt's beams (art. 105), taking the results from the 
sound ones onlv, and the value of U from a mean where that 
dimension varies, give is below. 



e — 



From Experiment 1 c ■ -6528 

6467 
Till 

7270 
7473 
15703 



4 e = 

6 . c = 

a e- 

10 c = -7746 



M-an 
•70S6 



Taking a mean value of c, as obtained from the whole of the 
beams cast from the cupola, thirty in number, we shoidd have 
it considerably more than '7 ; the means from twenty experi- 
ments being "7544; from three experiments 671 ; and from 
seven experiments '70SG. The lowest of these means differs 
but little from $ ; and adopting this as a safe approximate value 
for c, from which to compute the strength of beams generally, 
we have in the preceding formula for W its value as below. 

where W is in tons, / in feet, and the rest are in inches. 

148. The preceding formula for the strength of a beam 
depends on the two following suppositions i 1st, that all the 
particles, except those of the top part or flange of a bent 
beam, are in a state of tension ; 2nd, that the resistance of 
each particle is as its distance from the top of the beam. 
Neither of these suppositions can be regarded otherwise than 
as an approximation. We know that the former, which is 
almost tantamount to the exploded assumption of Galileo, 
that materials are incompressible, is not strictly true of any 
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Dodies whatever j and the second supposition is subject to the 
double inaccuracy of the leverage of the particles being 
estimated as from the top of the beams, and therefore rather 
too great ; and of the force of the fibres being as their 
extension, whilst, in reality, it is in a less ratio than that, as 
shown in preceding articles (99 to 107). 

If, as is expected, the formula should be allowed to give 
results agreeing moderately well with those of experiment at 
the time of fracture, it will appear evident that the 2nd 
assumption above is favourable to that of incotnpressibility, in 
estimating the transverse strength of cast iron, 

149. To obtain further evidence on this subject, we will 
seek, by means of the experiments in this work, for the value 

of n in the formula, w*= J '-^> for the strength of a rectangular 
bar, fixed at one end and loaded at the other, b being the 
breadth, d the depth, I the length of leverage, w the weight 
at the end, and the rest as in art. 147. 

150. Selecting from the experiments, in articles 3 and 96, 
the mean tensile and transverse strengths of all the irons in 
which both these properties were obtained, we have as in the 
following Table. 



■.'ascription of lion. 


ii 

lis 

a 

a i- 

iS£ 


m 
M 

HO ■ 


i||||||S 
Mill! 


Vain* ot n 
fr.mi formula 
fl, ,1 » 

" = TT- 


Cnrron iron, No. 2, cold blast ... 
Carron iron, No. 2, hot bloat ... 
Carron iron, No. 3, cold blait ... 
Curron iron. No. 3, bot blast ... 

Buffrry iron, No. 1 , cold blast .. . 
Buffery iron, No. 1, hot blaat .. 
Coed-Talon iron. No. 2, cold blast 
Coud-Talon iron, No. 2, hot blast 
Low Moor iron, No. 3, cold blast 


ttw. 
115,683 
13,505 
14.200 
17,756 
21,907 
17,4 se 
13,4.14 
18,855 
16.676 
14.535 


lbs. 

478 
463 
448 
527 
537 
463 
436 
413 
416 
467 


»». 

238 

2311 

223 

2881 

2684 

2314 

218 

206 4 

208 

2334 


n-a-H 
ii=2-l 8 
»=2\"irt 
«=250 
« = 3-02 
»=2?0 
n=2-28 

n-s-sa 

»=2Q« 
lis 3 'SO 










Vein • alii.- 1 

oft. -2 01 1 



FOR THE STRENGTH OF BEAMS. 



151. The transverse strength of a rectangular body being 
directly as the product of the breadth, the square of the depth 
and the strength of its fibres, and inversely as the length, the 

value of w, in the formula w = ~rfi will depend upon the 

value of // ; and this last quantity will, as we have seen, depend 
on the comparative resistance of the fibres to extension and 
compression. Thus if, according to the general assumption, 
the extensions and compressions of the particles are equal 
from equal forces, and as the fouces, the neutral line will be in 
the middle of the body, and the value of n equal to 6 (Part L, 
art. 110). If, according to Galileo, the body were incom- 
pressible, and the forces of the fibres were as their extension, 
we should have n = 3 ; and if, on the supposition of incom- 
pressibility, the forces of the fibres were the same for all degrees 
of extension, we should have n = 2. (See my Paper on the 
Strength of Materials, ' Memoirs of the Literary and Philo- 
sophical Society of Manchester,' vol. iv. 2nd series, p. 243.) 

The value of u, in the preceding Table, obtained from 
numerous experiments upon ten kinds of cast iron, varies 
from 216 to 3 3S, the mean being 2(53. This result shows 
that the assumption of the incompressibility of cast iron may 
be admitted so long as we assume that the forces are directly 
as the extension of the fibres j and it might be admitted still, 
if we were to make the more improbable assumption, that the 
forces are the same for all degrees of extension ; for the value 
of » in the former case would be 3, and in the latter 2, and 
the mean result is 2'CS, somewhat nearer to the former than 
the latter. 

The mean value of ;/ obtained from the fracture of different 
kinds of stone, in numerous experiments not yet published, is 
not widely different from 3. The value of being assumed 
by Tredgold as 6, has, when applied at the time of fracture, 
caused the errors pointed out in notes to arts. 6S, 143, &c, 
of Part I. 
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162. To obviate the anomalies above, and to obtain results 
consistent with experiment in the fracture of beams of cast 
iron — taking the neutral line in its proper position — we 
shall assume the forces of extension and compression to be of 
the form f=*ax-<l> (<r), where/ is the force, <r the extension 
or compression, a n constant quantity, and </» {$) a function 
representing the diminution of the force / in consequence of 
the defect of elasticity. If </> (.r) be assumed as equal to 
b as iu art. 106, we shall have n = 2 nearly, if the 
experiments are made on the transverse flexure of bars ; but 
it is more desirable that the value of n should be obtained 
from the direct longitudinal variations of the body experi- 
mented upon. This subject will be resumed in a future 
article. 

EXPERIMENTS ON LARGE BEAMS. 

153. I have been favoured, through Mr. J. 0. March, of 
Leeds, with the results of three experiments upon beams 
cast for the mill of Messrs. Marshall and Co., of that town, in 
1838. They were from drawings supplied by Mr. Fairbairn, 
of Manchester; and were of a moderately good form of 
section, according to my experiments, though the bottom 
flange was rather too small. The beams were broken to 
ascertain the ultimate strengths, as well as to test the 
difference of strength between those cast from the cupola and 
the air furnace. The experiments, Mr. March states, were 
very carefully made, under the inspection of Messrs. Marshall 
and Co. ; and the beams were cast from Bierley pig iron. 
The form, dimensions, and results are as follow : 

Dlmtntiont of the beams. 

12 inches deep at one end, and 
104 deep at tho other, 

24 » = breadth of rib on the upper edge at the ends. 

4 „ = breadth of fltiuge bL the euda. 
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Dinitntiom of section in middle, in inclia. 

Area of top rib 3-00 x , 75 = 2'25. 

Area of bottom rib 8'25x 1-25 = 10 , 31, 
or 11 square inches, the increase from the brackets, at the 
junction of the bottom rib with the vertical part, being 
included. 

Thickness of vertical part, J —'625 inch. 
Depth of beam, in middle, 17 inches. 



IZ1 



Etams proved at Meitri. Manhall and Co.'*, Lecdi ; the duiance bcUcctn the lupports 
18 feet Drflejciiiiu in GOfAa of an inch. 



Tons. 


■2 


! 





S 


10 


\i 


14 


16 IS 


20 22 


24 


'.'5 

" 


■26 


27 


N 




Deflected. 


6 


9 


13 


'20 


25 


30 


M 


40 47 


54 


M 












1st cupola easting. 
Broke with 22 tons. 


Permanent 
Deflexion. 








4 


5 





7 


8 


8 


10 














Deflected. 




7 




12 




80 




36 




47 


54 


61 










2nd cupola casting. 


Permanent 
Deflexion. 








■1 




6 









8 


10 


124 










Broke with 25 tons. 


Deflected. 




7 




lfi 




N 




35 




47 


5U 


60 


65 


A 


72 




Airfurnaco casting. 


Permanent 
iK'flexioD. 








I 




2 




4 




7 


8 


24 


12 


15 


174 




Hroke with 28 tons. 



154. In an experiment made upon a beam by Mr. Goo-ch, 
whilst he was superintending the formation of the Leeds and 
Manchester Railway, the particulars arc as follow : 

Dimcniivni of tection in middle, in incha. 
Top rib . . fi x 1 i = 9. 
Bottom rib . 8 x lj = 12. 
Thickness of middle part 1|. 
Depth of beam . , . . 9. 
Distonce between supports, 11 feet 8 inches ; weight 
of casting, 11 J cwt. 




Weight* liiiil on, 
in tooi. 

84 

44 

64 

64 

74 ■ 
84 
10 

1" 

20 



Deflexions, in parts 
t>ran loch. 

10 



15 

175 

22 

25 

30 

33 

10 



Broke 8 J inches from centre. 
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After bearing 17 tons, the beam was unloaded, and the 
elasticity seemed to be very little or not at all injured. 
The mixture of metal was 

1 ton Colebrook Vale, cold blast 
14 Staffordshire, hot blnst. 
14 „ Scotch, 

Mr. Gooch observes, in his letter giving an account of the 
experiment, "The cross section and some of the other 
dimensions are not of the most favourable or economical 
form, but circumstances required the adoption of them in the 
case of this girder." 

155. The two following beams were cast for a viaduct 
forming the junction of the Liverpool and Manchester with 
the Leeds Railway, passing through Salford. They are not 
of forms best adapted for resisting fracture, but their great 
size will give additional interest to experiments upon them. 

156. As several beams were cast from the same models, I 
was requested, by the Messrs. Ormerod, of Manchester, the 
founders, to superintend an experiment upon a beam from 
each; but the strength was so great that the experiment 
could not well be made in the usual way, that of applying a 
weight in the middle. I had, therefore, the beam inverted 
during the experiment, its bottom flange being turned 
upwards. The middle was supported laterally by stays, and 
it rested upon a cross bar, and other apparatus, on which it 
turned as on an axis ; this cross bar being made to rest on two 
other beams of nearly equal magnitude to that intended to be 
tried. One end of these beams, and the corresponding end 
of the beam to be bent, were connected by means of a strong 
bolt ; and the other end of the latter beam was connected, as 
described below, with the opposite ends of the two supporting 
beams. The object was to break the top beam in the middle 
by a force applied at one end, whilst the other end was fixed; • 
and to effect the required pressure, a powerful lever, forged 
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for the purpose, was applied to the moveable end ; it being 
evident that the pressure at the end would only be half of the 
effect produced in the middle. (See Plate V.) 

157. To enable the deflexions to be observed, a straight 
edge of the same length as the beam was used, and made to 
rest upon it, touching it only at the ends. The quantities, 
which the deflexions varied in consequence, of different 
weights, were measured by inserting a long wedge-like 
■ body, graduated on the side, between the straight edge and 
the top of the beam. The observed distances, when the 
beam was bearing a given load, were subtracted from the 
observed distance when there was no load upon it, for the 
deflexion. 

The experiments were made with a very complete apparatus 
and every attention to accuracy. 

15S. The first beam had small ribs, or 
flanges, at top and bottom, and a strong vertical 
plate between them, as in the annexed section. 
The dimensions and results from the beam are 
as follow : 

Section of top til* . . 6'1 * 2-33 inches. 

bottom rib . 121 x 2 07 „ 
Thickness at c 2"Ot3 I 

_ 6,212 J mma 2 08. 

c, 2'07 ) 

Oopth of beam in middle 30 5 inches. 
Distance between support* 27 feet 5 inches. 
Whole length of beam 28 feet 9 inches. 




Weight applied at the end, 
iii i -in. 
9-2 
13-4 
Iff 
213 
26 
30-2 
84 4 
38 -3 



Weight applied In the 
middle, in ton". 

IM 
26-8 
352 
48-8 
52-0 
flO-4 
68-8 
76-8 



Doflctlon in middle, in 
l> iru of iuuti. 

•31 

•47 

•61 

•73 

•87 
1-02 
1-16 
1-29 



With this, 76*6 tons in middle, it broke apparently in 
consequence of an occidental shake. 
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Mli. CTBITTS EXPERIMENTS ON BEAMS. 



10L Mr. Bramah's experiments were made to suppo 
certain principles adopted by Tredgold, some of which have 
been controverted in this work. Mr. Bramah states that it 
was " a principal feature in these experiments, and essential 
to the accuracy of the results, to note that point where the 
clastic power becomes impaired, and the specimens take a 
permanent set," &c. But I hnve shown (arts. 86 and 101) 
that there is no elastic limit in cast iron ; and if there were, 
the depth, 3 inches, of the beams on which Mr. Bramah's 
experiments were made, was much too great, with their small 
distance between the supports, 3*083 feet, to citable him to 
discover when the defect of elasticity first took place. In 
neglecting his reasonings, as very disputable, and not suited 
to this place — where the strength considered is the ultimate, 
and Bramah's (following Tredgold) the incipient, of the 
material — I shall merely observe, that the rcsidts with respect 
to fracture, seem to be in accordance with those from my own 
experiments (arts. 112-115). Mr. Bramah draws no con- 
clusions from the breaking weights, but they show the great 
difference in the ultimate strength of a beam, according as it 
is turned one way up, or the opposite ; and will serve as a 
beacon to warn the public of the danger of using beams with 
apertures in them. 



MB. CDBITT's EXPERIMENTS ON BEAMS. 

1G5. Sir Henry De la Beche and Thomas Cubitt, Esq., 
having in 1844 been appointed by Government to inquire 
into the circumstances respecting the fall of a cotton mill at 
Oldham, in Lancashire, and part of a prison at Jvorthleaeh, in 
Gloucestershire; these gentlemen accompanied their Report 
With the results of the experiments made at Manchester, and 
given more at length in this 2nd Part ; adding in particular 
those with respect to the strength and best forms of iron 
beams and pillars. 



MR. CUBITTS EXPERIMENTS ON BEAMS. 8W 

1C6. Mr. Cubitt likewise, feeling "impressed with the 
importance of further researches on the forms of cast iron 
beams, whether for the purpose of confirming or of extending 
the views hitherto taken," (Report, page 7,) caused eight 
experiments to be made on a moderately large scale. These 
experiments were published with the Report, and an abstract 
of them is in the following Table. 

167. Tabular results of experiments on cast iron beams — 
each cast 1G feet long — laid during the experiment, on 
supports 15 feet asunder, and intended to be of the same 
weight. The first six beams were uniform throughout, the 
seventh and eighth tapered towards the ends. 
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Tablb— Continued. 
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MR. C'UniTTS EXPERIMENTS OX REAMS. 



lfiS. Mr. Cubitt states that his object in making these 
experiments " was to show the great difference of strength of 
cast iron that can be got by taking certain forms." (Appendix 
to Report, page 39.) This object he has realized in a certain 
manner, as will be seen from the last two columns in the 
preceding Table, in which the beams, though of equal weight 
and section, are successively made to increase rapidly in 
strength above the top ones, which are the weakest. 

169. Now as these weakest beams are not very different 
in form of section from, thougli somewhat weaker than, those 
which I have arrived at from a Jong course of inductive 
experiments, and considered as nearly the strongest in cast 
iron (arts. 135 and 136) ; and as the circumstance may be 
considered as bearing deeply upon the character of my pub- 
lished results with respect to beams, it will be incumbent on 
me to analyze the effort of Her Majesty's Commissioner with 
more freedom than 1 would otherwise willingly have done. 

170. Speaking plainly, then, it appears to me that Mr. 
Cubitt, by increasing the strength through increasing the 
depth, the area being the same, has shown nothing more 
than would have been predicted from the slightest knowledge 
of theory ; and that several of his beams, instead of showing 
greater strength, exhibit only weakness and inferiority of 
form. 

171. To give a simple illustration of this statement, we 
will suppose a number of rectangular beams to be formed, of 
the same length and area of section, but of different breadths 
and depths. Then the strength of each being as b cP, varies 
as d, since b d, the area of the section, is constant. 

172. We will select from Mr. Cubttt's Table the results 
of the different experiments, and attach to them a column 

-containing the results which would have been derived from 
rectangular beams, of the same length and area, and varying 
in depth as Mr. Cubitt's did. It must, however, be under- 
stood that the rectangular section, which is comparatively a 
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weak one, is introduced only for illustration, as its strength 
for different depths is easily computed ; and it may be 
presumed that the strength of other sections, not so easily 
calculated, would increase, by augmenting the depth, in 

some such ratio as that does, 
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173. If we compare the results in the third and fourth 
columns, showing the comparative strengths of Mr. Cubitt's 
beams and of rectangular ones of the same depth, we shall 
see that the increased strength of Mr. Cubitt's beams, in tbe 
lower part of the Table, above the strength of that at the 
top, with which they are compnred, is derived wholly from 
the depth ; and as his latter beams give generally much fewer 
results than are obtained frnm the rectangular section, we 
may infer that they are of inferior forms to that with which 
they are compared. The defect in the bottom flange of three 
out of four of them (an uncommon occurrence iu properly 
ca$t beams) renders it probable that, if sound, they would 
have borne a little more than they did ; but affords no pro- 
bability that their increase of strength would have been equal 
to that of the rectangular section ; which no doubt would 
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Lave been the case, or nearly so, if the form in the first 
experiment had been used. 

174. A further "confirmation of the conclusion here arrived 
at is derived from the fact, that the strength of beams of the 
best form was found from my experiments to be, eeeteris 
paribus, nearly as the depth ; and the material in the section 
was but little increased with a large addition to the depth. 

175. From the experiments and reasoning above, Mr. 
Cubitt has drawn the conclusion of " our knowledge of the 
best forms and arrangements of cast iron beams not being based 
upon principles the correctness of which cannot be questioned, 
(Report, page 10,) and tiny are offered in confirmation or 
extension." 

176. It would appear that Mr. Cubitt had mistaken the 
object of my experiments " on the strength and best forms 
of cast iron beams." It was virtually to seek for the form 
into which a given quantity of iron could be cast, so as to 
bear the greatest weight, the length and the depth of the 
beam being constant. Mr. Cubitus experiments seem to 
have been intended to show that a given quantity of iron 
cast into beams — all of the same length — the section being 
of various forms (as the i. section which I had represented 
as comparatively weak), would be made to bear more than 
others which I had represented as approaching to the 
strongest j this being effected merely by increasing the 
depth. 

177. A little more attention to theoretical considerations 
might equally well have shown that increasing the depth — a 
privilege I did not allow myself when seeking for the best 
form of beam — had a great influence on the strength ; and 
this might perhaps have prevented Mr. Cubitt offering to tin- 
public, under Her Majesty's sanction, additional examples, 
on a large scale, of weak beams. 

178. In the tabular extract of Mr. Cubitt's experiments 
I have given the sets or defects of elasticity as obtained by 
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that gentleman j but the length of his beams was not a 
sufficient, number of times their depth for the results of the 
early sets, however carefully taken, to be any thing but an 
approximation. 

179. As Mr. Cubitt's experimental results with respect to 
the strength of beams seem, to be in accordance with my 
own, and might generally be computed from them, whatever 
opinion he may have formed to the contrary, I see no reason 
to doubt that the best form of beam is obtained from the 
reasonings and experiments previously given (arts. 108 to 
144) ; and according to which many thousands of tons have 
been cast. I am preparing to repeat the leading experiments 
in my former effort on beams, on a very large scale, and to 
extend them considerably, through the liberality of an Iron 
Company. 

COMPARATIVE STRENGTH OF HOT AND COLD BLAST IRON. 

ISO. Having, in conjunction with Mr. Fairbairn, been 
requested, by the British Association for the Advancement of 
Science, to ascertain by experiment the comparative strengths 
of irons made by a heated and a cold blast, I will give here 
the results from my * Report on the Tensile, Crushing, and 
Transverse Strengths of several kinds of Iron,' (Brit. Assoc. 
vol. vi. 1836,) attaching to them, in conclusion, the results 
from Mr. Fairbairn's experiments, which were on the latter 
kind of strain. 

181. As the modes in which the different kinds of experi- 
ment were made, and many of the results obtained, are given 
in the earlier pages of this work, it will not be necessary here 
to enter into detail upon that subject. I shall, therefore, 
content myself with stating, that the experiments were made 
with great care; and in devising the apparatus, the utmost 
attention was paid to theoretical requirements. 

1H2. Taking only the means from all the experiments, in 
the report above mentioned, and attaching to each result a 
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number, in a parenthesis, indicative of tbe number of experi- 
ments from which it has been derived, we have as follows i 

Carron Iron, fft. 2 (Soteh). 



ColJ UmL 



Tensile strength in 1tw. per aquiire ( 
inch \ 

Compressive (crushing) strength j 
in lbs. per square inch ; from *po- [ 
c in ii us cut out (if castings pre-C 
vioualy toru asunder . . . J 

Crushing strength ohtained from I 
prism* of various form* . . j 

Do. from cylinders 

Transverse streugth from nil tbe ) 
experiments . . . . \ 

Computod power to resist impnct . 

Transverse strength of bars, 1 incli 1 
square, mid 4 1'cet 6 inches be- > 
tween the supports, in lbs. . . ) 

Ultimate, deflexion of do. in inches . 

Modulus of elasticity in His. per } 
squaro inch (Part I. art. 25tf) . \ 

Specific gravity .... 



15683 (2) 



100375 (3) 



Hn, blast. 



13505 (3) 



10SC40 (2) 



Ratio repreacut- 
iujreoM t»U.» 
by 1000 



1000 ; 809 



1000:1020> N 



100631 (9) 100738 (5) 1000: 1001 

125403(13) 1216S5 (13) 1000: 970 

<11) (13) 1000 : 991 

..... (9) (9)11000:1005 

476 1,3} 463 (3) 1000: 073 

1-313 (3) 3 337 (3) 1000:1018 
7270500 (2)18086000 (2) 1000 : 931 

7066 7046 (5) 1000: 997 



tttvm Ir m, X». 3 (.VorrA). 





0!4 tM 


Hot blurt. 


Ratio rcpne- 
tcnllug euU 
blast by 1000 


Tensile Btrength per square inch 

Compressive strength do. . . 

Trnusverse do. from the cxperi- 1 
ments generally . . . j 

Power to resist impact 

Transverse &tronfrth of bam, 1 in. ) 
square, and 4 feet t> inches lie- > 
tween the supports . . . ) 

Ultimato deflexion, do. 

Modulua of elasticity, do. . 

Specific gravity .... 


(5) 

(*) 

US (2) 

•79 (2) 
22907700 Ci) 
7295 (4> 


21007 (1) 
145435 (4) 

(5) 

<*) 

537 (2) 

1-09 (2) 
22473050 (2) 
7229 (2) 


1000:1417 
1000:2736 

1000: 1199 

1000:1380 
100": 981 
1000: 99! 


Bi'ftr>i Iron, Ho. 1 lEnr/luh). 




CuUt blast. 


not biast- 


Rutin rcpro- 
feilUuL' C-M 
bloat by lOoo 


Tensile strength per squaro iueh . 

Compressive strength do. . 

TraiiH versa strength . 

Power to resist impact . 

Trnus verse strength "f barf, 1 inch J 
square, and 4 faet 6 iuclies / 
botweeu the supports . . ) 

Ultimate deflexion, do. 

Modulus of elasticity, do. . 

Specific gravity .... 


1746*3 (1) 

93M4 (4) 
(5) 

w 

463 (3) 

1-55 (3) 
16381200 (2) 
7079 


13434 (1) 
M91 (4» 

M 

(2> 

436 (3) 

1-64 (3) 

1S730500 (2) 
i;y.'3 


1000 : 769 
1000: 925 
1000: 931 
1000 : 9(52 

1000: 942 

1000:10SS 
1000: 893 
1000: y&y 



STRENGTH OF H(»T AND COLD BLAST IKON. 303 
<W. TV* /ro», V*. 2 (WeM). 





CM blast 


H at blaat. 


Ratio repro- 
usutluR cold 
blast by 1UW). 


Tenaile atreuj;tli per squurc inch . 
Compressive! strength d©, , , 
Specific gravity .... 


18855 (2) 
817*0 (4) 
CO 55 (4) 


10676 (2) 
82739 (4) 
6968 (3) 


1000 : 884 
1000 : 1012 
1000 :10O2 


CarrvH Iron, A'u. 8 (Scotch). 




Cold bUut. 


Hut blast. 


Ratio repre- 
senting ccild 
Mart by 1UO0. 


Tensile atrcugth per tqutri incb . 
Compressive *treugth do. . 
Specific gravity .... 


14200 (2) 
115412 (i) 
7135 (1) 


17756 <2> 

layno (3) 

7056 (!) 


1000 : 1250 
1000:1150 
1000 : Dd!> 



183. Abstract of the transverse strengths, and powers to 
bear impact, as obtained from the experiments on the three 
irons first mentioned in the preceding Table. The burs, of 
whatever form, were usually cast 5 feet long, and laid upon 
supports 4 feet 6* inches asunder. Those of 1 ineh square 
being the bars from which the comparative powers to bear 
impact were computed, had their deflexions, from different 
weights, very carefully observed up to the time of fracture ; 
and as the measured dimensions of the bar usually differed a 
small quantity from those of the model, the results, both as 
to strength and deflexion, were reduced by computation to 
what they would have been if the bar had been exactly 1 inch 
square. A reduction of this nature was made in the results 
of all the experiments, except otherwise mentioned. The 
comparative power to bear impact was obtained by multiplying 
the breaking weight of a bar, 1 inch square, by its ultimate 
deflexion, the length being always the same ; a mode which 
is admissible, as appears from my experiments on the power 
of beams to bear impact (British Association, 5th Report). 
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GENERAL SUMMARY 01' TRANSVERSE STRENGTHS, AND COM- 
PUTED POWERS TO RESIST IMPACT. 

184. Selecting, from the irons above, the results of the 
experiments on the transverse strength, and power to resist 
impact, of the different bars broken, and adding to them the 
results of Mr. Fairbairn's experiments (Brit. Assoc. vol. vi.), 
we have as below. 



Dintance beltrem tup/mtU 4 fret 6 inchct. 















lUtlu of 




Do*i!rSj>lioti of iron. 




lw II WW 11 of 
culii bl>tat. 


Stmiijtli nf 

but EhsC. 


cold I.)».t 


life 














■ 1000. 


|ffJJ 


Cmrou, No. 2. 




ib«. 




ILx. 










Results from bare 1 inch square 


47<i 


(3) 


4(33 


(3) 


L0M : 


P73 




„ from all the cipcriineuts 




(") 




(13) 


1 0011 : 


Oil] 


1000 : lOOi 


Devon, No. 8. 














Result* from bars 1 inch square 


m 


(2) 


587 


(2) 


1000: 


I1M 




„ from all the experiments 








(5) 


IOU0 i 


1417 


10O0 : 276i 


Buffer?. No. 1. 
















Results from liars 1 inch square 


m 


(3) 


436 


<3) 


1000 : 


0*2 




„ from nil the experimeuts 




<*> 




(5) 


1000 ; 


931 


I0U0 : 96; 


Muirkirk, No. 1. 
















Results from bars 1 in. sq. 


5 5 

"3 c 


454-2 


(*) 


43 8 9 


(•) 


1000 : 


922 


1000 i S2: 


Coed-T«Jon, No. 2, ditto 


4126 


(5) 


416-8 


(4) 


1000 : 


1010 


1000 :13tS4 


Coed-Talon, No. 3, ditto 


IJ 


553-2 


(4) 


513-1 


(4) 


L0M : 


927 


1000 : nt 


Cnrron, No. 3, ditto 




445-7 




525 7 


(6) 


1000 : 


1179 


1000 : 120) 


Elaicar, cold, nnd ) .... 
Milton, hot, No. i, \ ™ k0 , 


31 


451-5 


W 


36U4 


w 


1000 : 


818 


1O00 ! 875 



1S5. These Tables contain the results of a very large 
number of experiments, made with great care upon English, 
Welsh, and Scotch iron, mostly supplied from the makers. 
They show that the irons marked No. 1, which are softer and 
richer than those of Nos. '2 and 3, arc injured by the heated 
blast ; since the hot blast irons of this description are less 
capable than the cold blast ones to resist fracture, whether 
the forces are tensile, compressive, transverse, or impulsive. 

18(3. The irons marked No. 2, being harder than those of 
No. 1, have much less difference in their strength than the 
latter. In the Carron iron, No. 2, on which a great many 
experiments were made, the transverse strength, of the hot 
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and cold blast specimens, was as 99 : 100, and their power of 
bearing impact equal. The Coed-Talon iron of this No. gave 
the transverse strength, of hot aud cold blast, as 101 : 100, 
and their power to bear impact as 128 : 100. In both the 
Carron and the Coed-Talon irons, the hot blast castings were 
of equal strength to the cold blast ones, to resist crushing ; 
but, in both, the strength of the hot blast was less than that 
of the cold blast, to resist tension, in a ratio of S or 9 to 10. 

187. The No. 3 irons seem, both in aspect and strength, 
to be generally benefited by the heated blast. In the Carron 
iron, No. 3, the hot blast was superior to the cold, in the 
power of resisting tension, compression, transverse strain, and 
impact, in a ratio approaching, in each case, that of 12 to 10. 
The Coed-Talon iron of this No, had, however, its hot blast 
kind weaker than the cold, to resist transverse strain and 
impact, in the ratio of about 93 to 100. 

The iron, No. 3, from the Devon works in Scotland, was 
weak and irregular in the cold blast castings j but the hot 
blast iron from the same works was among the strongest I 
have tried. In this the ratio of the powers, of hot and cold 
blast iron, to bear pressure, was as 14 : 10 ; and to bear 
impact, as 23 : 10 nearly. 

188. In these experiments, the hot blast irons usually 
differed from the cold blast, only so far as a different mode 
of manufacture — the introduction of a heated blast with coal, 
instead of a cold blast with coke — would produce. The 
difficulty we experienced in obtaining from the makers irons 
of both kinds made from the same materials, rendered it 
necessary to make the experiments on a smaller number of 
irons than would otherwise have been tried ; but, from the 
evidence adduced, we may perhaps conclude that the intro- 
duction of a heated blast, into the manufacture of cast iron, 
has injured the softer irons, whilst it has frequently mollified 
and improved those of a harder nature ; and considering the 
small deterioration which the irons of the quality No. 2 have 
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sustained, and the apparent benefit to those of No. 3, 
together with the great saving effected by the heated blast, 
there seems good reason for the process becoming as general 
as it lias done. It is, however, to be feared that the facilities 
which the heated blast gives, of adulterating cast iron by 
mixture, have introduced into use a species of metal very 
inferior to that used in this comparison, or that from which 
the formula? and leading results of this work have been 
obtained. 



THEORETICAL INQUIRIES WITH REGARD TO THE STRENGTH 

OP REAMS. 

189. In the course of our remarks on the transverse 
strength of cast iron, as deduced from experiment, it was 
shown that the formula) given by Tredgold, in Part I. of this 
work, were usually inapplicable to the computation of the 
strength of that metal to resist fracture. That very ingenious 
writer — following in the track of Dr. Young, and himself 
followed by numerous others — considered bodies, when not 
overstrained, to be perfectly elastic ; and to resist extension 
and compression with equal energy. But theories deduced 
from these suppositions, however elegant, and nearly correct 
for small displacements of the fibres or particles, give the 
breaking strength of cast iron, in some cases, not half what it 
has been shown to bear by experiment (arts. 150 and 151). 
A square bar, instead of having its neutral line in the centre — 
one-half being extended and the other compressed, according 
to the suppositions above — -requires to be considered as 
totally incompressible, the neutral line being close to the side, 
or even beyond it, — a matter practically impossible. This 
defect in the received theories has been shown to arise from 
the neglect by writers of an element which appears always to 
be conjoined with elasticity, diminishing its power. This 
element — ductility, producing defective elasticity — will be 
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attempted to be introduced into the following investigation 
but as the formulae are generally complex, and require addi- 
tional experiments to supply their constant co-efficients, the 
reader may perhaps take for practical use the approximate 
ones previously given in this Second Part. 

190. To find the position of the neutral line and the 
strength of a cast iron beam, supported at the ends, and 
loaded in the middle j the form of a section of the beam in 
the middle being that of the figure ABDE, where B C, H R, 
represent sections of the top and bottom ribs, F G that of the 
vertical one connecting them, and N passes through the 
neutral line. 

Let W = weight necessary to break the beam, a n » 

I = distance between the supports, 
a,a' = NI,N K, respectively, 
t, c* = D H, A C do. 
6, b' = D E, A B do. 
m the thickness of the vertical rib, 
/./ ■ tensile and compressive forces of the metal, in 

a unity of section, as exerted at a distance 

a on opposite Bides of the neutral line, g \ L 

p (x), {x') - quantities respectively proportional [ • ~~ ' " ~" ■■■;^^| 

to the forces of extension and compression d i t 

of a particle, at a distance x from the neutral line, 
», rx' = constant quantities dependent on the deatructiou of the elasticity of the 

material, by tensile and compressive forces. 

191. The bottom rib will be in a state of tension, and the 
top one in a state of compression ; and the parts of the section 
generally will be extended or compressed according to their 
distance from the line N O. 

1st. To find the position of the neutral line. 

192. Since /. ^| = the force of the extended fibres or par- 
ticles in a unity of section, at a distance x from the neutral 
line ; therefore, multiplying this quantity by b d x, or by /3 dx, 
we have the force of the particles in an area of the section of 
which the breadth is b or /3, and depth d x. Now the forces 
of tension, or those exerted by the particles b ie 
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N 0, may be expressed in two functions, the first represent- 
ing the forces of the particles in the section N G, and the 
other those in the section H E. 

.'. f. — — f <p <-r) rf-r + / YiZ ' I ♦(*}4f = S = »uinoftlieforcoBoftea«lon{t). 

Proceeding in the same manner with respect to the com- 
pressed particles, we have 

r. -A: • /"^Ffafl id + f> — r~r~\' f V M = S' = sum of tha foroa* of 

corapreaaion (2). 

The weight acts in a direction parallel to the section of 
fracture, and therefore the sum of the forces of extension and 
compression, being the only horizontal forces, are equal to 
each other. 

.\S = S' (3). 

193. It appears from my recent experiments that no rigid 
body is perfectly elastic ; and it has been shown (art. 99 to 
10G), in extracts from communications which I made to the 
York and late Cambridge meetings of the British Association, 
that, in the flexure of bars of cast iron and stone, the defect 
of elasticity was nearly as the square of the weight applied, 
or of the deflexion, though the defect from the smaller 
deflexions seemed to increase in a somewhat lower ratio. 
Other experiments on the defect of elasticity, as exhibited in 
the flexure of bars of cast iron, wrought iron, steel, timber, 
and stone — and on the defect of elasticity in the longitudinal 
variations of bodies — will appear in a future volume of the 
British Association. As the latter experiments, those on 
longitudinal variation, are not at present completed, I shall 

assume $ = # — and (x') = x— where v, v, n, ri 
are supposed to be constant, and v, v' to represent the powers 
of sc, x\ to which the defects of elasticity of extension and 
compression are proportional. 
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Substituting in equations (1) and (2), the values of <p (s) 
and <f>' (.r), as above, we have 

/•^•/(*-=>»/s^/(*-^>- a • • • ■» 

Performing the integrations of equations (4) and (5) gives 

, n$ fT _*_\ dr _ /(o-£ _ (q-c)-»-> \ 

•— « 

/ («-c)' _ (a-c)'+i \ ) 
\ 2 (v+l)na/) 

f h'b /to ^\, y fjL» (V=£L 

1 ' irrrj=*'J \ *~WlJ * X '*'a - a'-» \ 2 " (ff + 1) »'a/ 

7 ' i'a-a*-' *y V* W o>/ aar »'a-a-'-» ( \ 2 (t/ + l)»'a/ 

_/ («*- <3» \ 
\ 2 (t/ + l)n'a/ > 

Collecting together the integrals of equation (4), we have 

_/»_ ( 6a»__ _6a^ 6(a-c)« g(a-c)« 6(a-c)'»' fl(a-c>'»' ) 
-»«-«—> ( 3 (» + l)na~ 2 + 2 + <* + l)na <»+ l)*a > 

■a-^ 1 ( \2 ~ (T+iynoy) - ^ - ^ 2 * 

In like manner, 

* " j y ° \l -(TTiKS; ~ V~2 (?+I)rfa/ S 

Equating the values of S and S' gives, for the equation of 
the neutral line, 

»-a-»( \2 (tr + l)a/ K p '\ 2 (» + l)o/J n'-o-"-* 

where a'=D— being the depth of the beam. 
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Cor. 1st. If v= 2, and t>'=2, as would appear to be nearly 
the case from the experiments on the transverse flexure of 
cast iron bars, mentioned above, the equation of the neutral 
line would be 

^ { ».»<8»- 2) - (6- *> (.. («- * - 2 -^) j 

{r*(l*-^.p_*(wp_4^!£^} • .(7). 

If the beam is of the X form, having no top rib, then 
c' = 0, £'=0, and equation (7) becomes 

j^{w<u-,- # -«(».*_*- , -4^2)} *£)«». 

If 3 = £'= /3, then the section of the beam is rectangular, 
as a joist ; and the equation of the neutral line (7) becomes 

&*-*-55(«-0 <•>• 

Cor. 2nd. If v = 1, and t>'— 1, or the defect of elasticity 
be as the extension and compression, then equation (6) will 
become 

2(n-I)j V V 2(^-1) 

(a - c)> j ={ j V a"- (V- fi) (rf- j (10). 

But this equation becomes 

/ j iox l_(6_ <3H a_c)x^- c j=/j 6'a'x /?) (a'-e^x -2^- J , 

where b a =■ area of the whole section of tension considered 
as a rectangular surface of which the breadth is b and depth 

a ; | = distance of centre of gravity of that section from the 
neutral line; (b — -0) (a — c) = area of part necessary to 
complete the rectangular surface above ; ^ = distance of 
centre of gravity of this defective part. In like manner 
b' a' = area of whole section of compression considered as a 
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rectangular surface of breadth b' and depth a \ | = distance 
of its centre of gravity; (£'— /3) (a — c') = area of part want- 
ing; and -j-sflie distance of its centre of gravity. 

Whence it appears that if/— f, the neutral line will be in 
the centre of gravity of the section. 

Cor. 3rd. If the elasticity be considered as perfect, then 
n t n will be infinitely great, and taking as usual f=f> 
equation (G) will become 

6a J -(fr-£)<o-«)» = 6'a ,J -(*'-0)(*-<O 3 .... (11). 

The curious circumstance of this equation being in agree- 
ment with equation (10), is rendered obvious by other reason- 
ing. For, in Cor. 2, we hnve 

the forces being as the extensions and compressions. 

If, on the supposition of perfect elasticity, h '= 0, and c'= 0, 
the beam being of the J_ f orm °f section, having no top rib, 
the last equation will become 

bd'-{b -/8)(a-e)* = /8a'= (12) # 

If the beam be rectangular and perfectly clastic, then 
b = b'= /3, and equation (11) becomes 

bv = V *'* 

.-. 

or the neutral line is in the middle. 

2nd. To find the strength of the beam, the values of a, a, 
and consequently the position of the neutral line, having been 
previously determined, from one of the preceding equations, 
or by other means. 

194. Since, by equation (4) of the preceding article, the 
sum of the forces of extension is 

jeijL. fix- £ ) <* * + ^*/(mJZ ) dx . 

no— a" 1 J \ no/ n«-o^' / V >*a / 
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And as the moment of each of these forces, with respect to 
the neutral line, is equal to the product of the force by its 
distance x from that line, we have for the sum of the moments 
of the forces of tension, 

^•/(-^>*^/(*--^>"* • • <»> 

• m-e 

'na-a- l J\ na / *«-«•-» I 8 ~(tr + 2)i»ot 

and 

/»6 /»"/ ,_«^\ . /n6 \a> a' 4 * 
H»-a-'7 V X na/ "*•-••-»' (3 (»t2)*o 

(a-c)» (a-c)»+' ) 
3 (« + 2)»ai* 

Whence we have, for the sum of the moments of the forces 
of the extended particles, 

i-nj£=y i •-(• -Sr) -•-•»(■ I <"> 

In like manner we obtain, for the sum of the moments of 
the forces of the compressed particles, 

K»'-lwl)-*'-<"'<*-^- 8 ^')l » 

But S, + S„ the sum of the moments of the forces of exten- 
sion and compression, must be equal to the product of half 
the weight laid on the middle of the beam by half the distance 
between the supports j for we may consider the beam as fixed 
firmly in the middle, and loaded at one end with half the 
weight laid on the middle. 

.'.B < + S.= 4Wxil-^ (16). 

Cor. 1. If c — 0, and b'= 0, the section of the beam being 
of the J. form, having no top rib, we have from equation (15), 

and S, as in equation (14), for substitution in equation (16). 

Cor. 2. If c, c , b, b' are each «=- 0, or the beam is rectan- 
gular, as a joist, we have from equation (14) 
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a _ _/££* f* l£!5l 

from equation (15) 

°" »al»'-v-»)v. (✓+«)•/' 

where 

^ = S, + S (17). 

Cor. 3. If v, v are each = 2, as would appear from the 
experiments (art. 106), then the values of S,, S tJ , for the 
strength of a rectangular section in the last corollary, give 

where ^ is the ratio of the depth of the compressed section to 
that of the extended one. 

On the supposition of this corollary, that v = t/= 2, the 
general formulae in equations (14) (15) give 

Cor. 4. If v = v'= 1, or the defect of elasticity is as the 
extension and compression, equations (14) and (15) give 

B, = 5^ j fr a J - *>(« — <)* | . 

Cor. 5. If the beam be supposed to be perfectly elastic, 
then n and ri are both infinite, and we have from equations 
(14) and (15) 

S.-^j4'o'«-(V-^(«'-c')» j. 

agreeing with the results of the last corollary, as previously 
remarked with respect to equations (10) and (11). 

But as the body is elastic we will assume as usual f=f, 

.-. s, + s„ = ^ { &«>+iV»-(&-*)(a- c )'-(y_0K«'_«O»! -^7 • (»)• 
If b = b', and c =c', or the top and bottom ribs are equal, 
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then, the neutral line being in the centre, a = a ; and the 

last equation gives 

a result in agreement with equation xix., art. 116 of Tredgold. 

If in this case $ = 0, or the part between the ribs was so 
thin that it might be neglected, 

21. | m 

agreeing with art. 117 of Tredgold. 

If = 6, or the beam is rectangular, then equation (20) 
becomes 

Vfl 2/ Sfha* fbD* 

— = r a xba= —r- = — < 22 >- 

where D is the whole depth = 2 a, a result usually arrived 
at by a much simpler process (Tredgold, art. 110). 

For other investigations on the subject of the neutral line, 
and the strength of beams variously fixed — the elasticity being 
supposed perfect — see Professor Moseley's 'Principles of 
Engineering and Architecture/ 

RESISTANCE TO TORSION. 

195, If a prismatic body, fixed firmly at one end, have a 
weight applied to twist it by means of a lever acting at the 
other, perpendicular to the length of the body, to find the 
resistance to twisting and to fracture. 

196. The problem here proposed has been made the sub- 
ject of an ingenious article by Tredgold in the 1st Part of 
this work ; but ns it has been subjected to more recent and 
profound theoretical investigation by Cauchy and others on 
the Continent, the formula) given by Navier (' Application de 
Mecanique '), including those of Cauchy, will be inserted 
here, referring for their demonstrations to the work itself, or 
to M. Cauchy's 'Exercices de Mathematiques,' 4* annee. 
Experimented results by Bevan, Rennie, Savart, and the 
Author, will likewise be given or noticed. 
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197. Let / = the length of the prism from the fixed end to 

the point of application of the lever used to twist it. 
r — the radius of the prism, if round. 
b,d— its breadth and thickness, if rectangular. 
P = the weight acting by means of the lever to twist it. 
R = the length of the lever. 
0= the angle of torsion, at the point of application, con- 
sidered as very small. 
G = a constant for each species of body, representing the 

specific resistance to flexure by torsion. 
T = a constant weight expressing the resistance to tor- 
sion, with regard to a unit of surface, at the time 
of fracture. 



We have then as in the following Table. 



Form of section of 
priam. 


Resistance to anruiar flexure by a 
forco W tort loo. 


Resistance to fracture by a force of 
torsion, 


Round 

Square . . . 
Rectangular 


xr^fl 
cl* B 

0=PR Pfff 


T - PR.— - 
» r 1 

T = PR.-^— • 

t=pr. 3 



The formula; for G arc in art. ICQ, and those for T in 
art. 168, of the ' Application de Mecanique,' 1™ partie ; those 
for the rectangular prism being from Cauchy. 

198. If E be the force necessary to elongate or shorten a 
prism, the transverse section of which is a superficial unity, 
as one square inch, by a quantity equal to the length of the 
prism, the elasticity being supposed perfect, and the force 
applied in the direction of the length ; and if F be the force 
necessary to break such a prism ; then E will be the modulus 
of elasticity of the material, and F the modulus of its resist- 
ance to fracture ; and the values of G and T above will be 
connected with those of E and F by the following relations. 




2E _ 4P 
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See 'Application de Mecanique,' notes to articles 159 
and 1G7. 

The connexion is, however, but little in accordance with 
the results of experiment, with respect to the values of T and 
F, as might be expected from the elasticity being much 
injured previous to the time of fracture. 

199. The angle d being measured by the arc due to a 
radius equal unity, if the angle were expressed in degrees, and 

represented by A, we should have e = A 'il = 67 ^ 578 ' where 

57 29578, or is the number of degrees in the arc whose 

length is equal to radius. 

200. To obtain the values of G and T in the preceding 
Table, with respect to any particular material, as cast iron, 
we must refer to experiment, and will next insert some 
results which were kindly sent by the author, Mr. Geo. 
Rennie, in 1842, as part of a more general inquiry; noticing 
afterwards other experiments previously mentioned, besides 
some of an earlier date, quoted by Tredgold, 

201. Experiments, by Geo. Rennie, Esq., F.R.S., on the 
strength of three bars of cast iron to resist fracture by torsion. 
The bars were planed exactly one inch square, and were 
firmly fixed, at one end, in a horizontal position, and broken 
by weights acting at the other by means of an arched lever, 
3 feet in length, perpendicular to the bar, and exactly 
balanced by a counter weight. The bars were cast from the 
cupola, the first vertically, the other two horizontally. The 
former was broken with 191 lbs., and the two latter with 
231 lbs. each. 

202. To determine from the preceding experiments the 
value of T, the modulus of resistance to fracture by torsion, 

in the formula, T= PR. -4^. for a square prism, — taking 

the weights in pounds, and the dimensions in inches, — we 

haveR = 36, d = \, and T = P x S -^J-==152 735 x P, 
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la tha LorisonUl caatiug P =191, .*. T - 29172 4 j Moan 
In the Tertical coatings P =231, ,", T = 35281 8 \ 32227 tfci. 

If R were taken in feet and the rest in inches, and pounds, 
as before, the value of T would be 208 5 6. 

203. The experiments of Messrs. Bramah on the torsion 
of square bars of cast iron (Tredgold, art. 85) give for T, 
taking the dimensions in inches, 

No. 3 . . . T = 420201 , 
„ 7 . . . . T» 88290-4/ 

204. Mr. Dun lop's experiments on the torsion of cylinders, 
varying, in diameter, from 2 to 4£ inches, and in length from 
2| to 6 inches, the leverage being 14 feet 2 inches (Tredgold, 

art. 85), give, from the formula T = PR. -jy as follows. 

In Experiment No. 2, T = 27056-4 ^ 
3, T= 29197 6 
6, T = 29142-0 

6, T = 29509-2 1 Mean 27534 It*. 
„ 8, T = '.'7286-8 

9, T= 26217 3 
10, T = 24338'4 ) 

Taking a mean from the three mean results last obtained 
gives, T = 32503 lbs. ; the dimensions being in inches. 

205. Putting this value for T, in the formula (art. 197), 
and transposing, we obtain the following value of PR. 

Ion cylinder . . . PR = 51055 . r>. 
In a square prism . . . P R = 7461 . <P, 

l 1 <P 

In a rectangular priatn . . PU= 10834 . — ; _• 

+ tP 

206. If R be taken in feet, as was supposed by Tredgold, 

art. 265, we shall have, for a square prism, P= 6 -^- 3 - 

Hence his co-efficient, 150, being less than £th of that of 
fracture, may be regarded as perfectly safe for practical 
application. 

207. Mr. Benjamin Bevan gave, in the 'Philosophical 
Transactions' for 1829, a memoir containing numerous 
experiments "on the modulus of torsion." 

They were principally on timber, but contained a small 
Table of the modulus of torsion of metals. Mr. Bevan 



RESISTANCE TO TORSION. 



defined this modulus by the value of T in the following 

equation for a square prism, twisted as before described : 

R 3 /p , 

TFt 

where 5 is the deflexion, considered as very small, and the 
rest of the notation as before ; the weights and the dimen- 
sions being in pounds and inches. 
We have from above RIP $ 

and as ~ is the deflexion at a unity of distance, and very 
small, it may be taken for the arc. 

IUP m , fry PR/ 

&ptf+ti where T~- 
But from the Table (art. 197), G-PR.^^. /. 
G = 6T. 

208. Mr. Bevan finds the modulus T in cost iron, whose 
specific gravity is 7' 163, to be as below. 

940000 ) 

963000 1 Mean 951600 lba. 
96'J00U ) 

The moduli of wrought iron and steel were nearly equal to 
each other; and a mean from the results of eight experiments 
on iron and three on steel, gave, for T, 1779090 lbs. 

209. Mr. Bevan found the modulus T to be j^th of the 
modulus of elasticity in metallic substances. 

But it was shown above that G = 6T, .*. G=^ of the 
modulus of elasticity ; which differs from \, as computed by 
Cauchy (art. IDS), only as 10 to 15. 

210. Multiplying Mr. Bcvnn's mean values of T by six 
we obtain, 

In cast iron O = 061000 ■ = 5709000 lba. 

In wrought iron and ateel . . G = 1779090 »6 = 10674540 lbs. 

211. Substitute in the formula? (art. 11)7) the value of G, 
as obtained from the above experiments on cast iron, and 
transposing, we have as below. 

r* A 

For a oyliuder .... PR = 8968620- — - 

fit a 

For a aquaro priam . . - PK » 961600' — - ■ 
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For a rectangular prism . . PR = 190320077; =— ,« 

l&' + <P) i 

212. The experiments of Mr. Bevan seem to have been 
very carefully made, extra precaution being used both, to 
prevent friction and to obtain correct measures ; but a source 
of error may have arisen from computing, by a less accurate 
formula than Cauchy's, the results from those rectangular 
prisms which differed considerably from squares. 

213. Some experiments of my own, upon the torsion of 
cylinders of wrought iron and steel, made some years since, 
at the request of Mr. Babbage, but not yet published, showed 
that the angle of torsion was very nearly as the weight, as 
had previously been shown by Savart (Annates de Chiinie et 
de Physique, Aug. 1829). 

214. The object of M. Savart's able Memoir was to compare 
the theory of torsion, as given by Poisson and Cauchy, with 
the results of experiment ; and though his experiments were 
made on brass, copper, steel, glass, oak, &c. — and included 
none on cast iron — it may not be amiss to give here the gene- 
ral laws which he deduces from them. They are as below. 

1st. Whatever be the form of the transverse section of the 
rods (subjected to torsion), the arcs of torsion are directly pro- 
portional to the moment of the force and to the length. 

2nd. When the sections of the rods are similar, whether 
circular, triangular, square, or rectangular, much elongated, 
the arcs of torsion are in the inverse ratio of the fourth power 
of the linear dimensions of the section. 

3rd. When the sections are rectangles, and the rods possess 
an uniform elasticity in every direction, the arcs of torsion are 
in the inverse ratio of the product of the cubes of the trans- 
verse dimensions, divided by the sum of their squares ; from 
whence it follows that, if the breadth is very great compared 
with the thickness, the arcs of torsion will be sensibly in the 
inverse ratio of the breadth and of the cube of the thickness. 

These laws, M. Savart observes, are in exact agreement 
with those of Cauchy, both for cylindrical and rectangular 
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sections; showing that his formulee (art. 197) are constructed 
on principles which may be applied with safety. When the 
elasticity is not uniform, the laws are somewhat modified. 

215. In concluding this notice of experiments on the strength 
and other properties of cast iron, which may, perhaps, on a 
future occasion be extended in various ways, I would refer 
the reader desirous of information on the effects of expansion 
and contraction, upon structures, by heat, to a Memoir 'on 
the Expansion of Arches ' through the changes of ordinary 
temperature, by Mr. George Rennie. This Memoir contains 
experiments on the rise of the arches in the Southwark 
Bridge, which is of cast iron, having three rows of arches in 
length, containing in the whole about 5560 tons of iron. 
Mr. Kennie made experiments upon the rise of the arches in 
each row ; from which it appears that the rise of an arch, 
whose span is 246 feet and versed sine 23 feet 1 inch, is 
about ^th of an inch for each degree of Falirenheit, making 
1£ inch for a difference of 50°. Mr. Rennie gives a Table of 
experiments of his own upon the expansion of iron and stone, 
with others from M. Destigny ; and concludes that there is 
no more danger to the stability of iron bridges, from the 
effects of expansion and contraction, than to those of stone; 
for when the abutments are firmly fixed, the arches have no 
alternative but to rise or fall. 

The effects of percussion and vibration upon bodies, par- 
ticularly cast iron, have been much further inquired into 
since the time of Tredgold ; and upon these subjects I beg to 
refer the reader to a Memoir of my own on the effects of 
" Impact upon Beams, " in the 5th Report of the British 
Association, 1835. The object of this Memoir was to com- 
pare theory with experiment, deducing practical conclusions 
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Mechanical Science, the Publishers hove thought it advisable to have it entirely Reconstructed 
and Modernised ; and w its present greatly Enlarged and Improved form, they are sure 
that it will commend itself to the English workmen of the present day alt the world 
over, and become, like its predecessors, their indispensable friend and refereo. 

A smaller type having been adopted, and the page increased in size, while the number 
of pages has advanced from about 330 to nearly 500, the book practically contains double 
the amount of matter that was comprised in the original work. 

Opinions or the Tress. 

"In its modernised form Hutton'» ' Templeton ' should have a wide sale, for it contains much 
valuable information which the mechanic will often find of use, and not a few tables and notes which he 
might look for in vain in, other works. This modernised edition will be appreciated by all who have learned 
to value the original editions of 'Templeton.' * — English Mechanic. 

" It has met with grrat success in the engineering workshop, as we can testify ; and there are a 
great many men who, in a great measure, owe their rise in life to this little hook."— Building AYrw. 

" This familiar text-book— well known lo all mechanics and engineers — is of essential service to the 
every-day requirements of engineeri, millwrights, and the various trades connected with eogineering 
and building. The new modernised edition is worth its weight in gold." — Building AVwr. (Second 
Notice.} 

" This well-known and largely-used book contains information, brought up to date, of the sort so 
useful to the foreman and draughtsman. So much fresh information has been introduced as to consti- 
tute it practically a new book. It will be largely used in the office and workshop." — Mechanical World. 
" The publishers wisely entrusted the ustc of revision of thi» popular, valuable, and useful book to 
Mr, IfuHpn, than whom a more competent. mantYie^ ctn^d not. Vim* fanni."— Iran. 
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Stone working Machinery. 

S TONE- WORK IN G MACHINERY, and the Rapid ami Economical 
Conversion of Stent. With Hints on the Anra»cctncnt and Management of Stone 
Works. By M. Powis Bale, M.I.M.E., A.M.I.C.E. With numerous lllustra- 
tions. Large crown 8vo, csj. cloth. 
"The book should be in the hand* of every duud at student of stonework."— C.<Uit*y Guardian. 
" It is in every sense of the word a standard work upon a subject which the author is fully com- 
fietent to deal exhaustively with." — BuiMtr't H'trily Rtfrltr. 

" A capital handbook for all who manipulate stone for building or ornamental purpose*-" — 
Maifwury .Market. 

Turning. 

LATHE-WORK : A Practical Treatise on the Tools, Appliances, and 
Practises employed in Ike Art of Turning. By Paul N. Hasluck. Third 
Edition, Revised and Enlarged. Crown 8vo, $s. cloth. 

" Written by a man who knows not only how work ought to be done, but who alto knows ho* 1* do 
it, and how to convey hit k no* It due to oihen. To all lumen this book wuulil be valuable."— Kmgimrering. 

"We can lafely recommend the work to young engineers. To the amateur it will simply be invalu 
able. To the Student il will convey a ((real deal ot useful information."— Aug mar. 

"A compact, succinct, and handy guide to lathe-work did not eaist in our language until Mr. Has- 
luck, by the publication of this treatise, gave the turner a true mA tmetum."—H*UM Vtcoratot. 

Screw-Cutting, 

SCREW THREADS: And Methods of Producing Them. With 
Numerous Tables and complete directions for using Screw-Cutting Lathe*. By 
Paul N. Hasluck, Author of " Lathe- Work," " Hie Metal Turner'* Handy- 
book," &c. Waistcoat pocket size, price ir. [Ju it published. 

" Full <.r ineful information, hints, and practical critici m Taps, d es, and scrcwiag-tools gea«- 
rally arc illustrated and their action described," — Mti kanital tVarJif. 

" It is a complete compendium of all the detail* of the screw cutting lathe; in fact, a milium fx 
/an* on all the subjects it treats upon."— Carpenttr &• Builder. 

Engineer's and Machinist's Assistant. 

THE ENGINEER'S, MILLWRIGHT'S, AND MACHINIST'S 
PRACTICAL ASSISTANT. A collection of Useful Tables, Rules, and Data. 
By William Templeton. Seventh Edition, with Additions. tSmo, is. 6d. cloth. 

" Temple too's handbook occupies a foremost place among books of this kind. A more suitable present 
Co an apprentice to any of the mechanical trades could not possibly be made."— ttuiJdimg .Vmvt. 

"A deservedly appreciated work, which should be in the 'drawer 'of every mechanic" — English 
MnAmnic. 

iron and Steel. 

" IRON AND STEEL " t A Work for the Forge, Foundry, Factory, and 
Office. Containing ready, useful, and trustworthy Information for Ironmasters 
and their Stock-takers; Managers of Bar, Kail, Plate, and Sheet Rolling Mills; 
Iron and Metal Founders j Iron Ship and Bridge Builders: Mechanics'!, Mining, 
and Consulting Engineers ; Architect*, Contractors, Builders, and Professional 
Draughtsmen. By Charles Hoark, Author of "The Slide Rale," &c. Eighth 
Edition, Revised throughout and considerably Enlarged. With folding Scales of 
"Foreign Measures compared with the English Fool,"' and 41 Fixed Scales of 
Squares, Cubes, and Roots, Areas, Decimal Equivalents &c" Oblong 3- ino » 
leather, elastic-band, 6s. 

" For comprehensiveness the bonk has not its equaL" — Irtrn. 

" One of the best of the pocket books, and a useful companion in other branches of work than iron 

and mat**— Jtujibk ttntemie. 

" We cordially recommend this book to those engaged in considering the details of all kinds of iron 
and steel works-"— Wo tW Science, 

High-Pressure Steam Engines. 

THE HIGH-PRESSURE STEAM-ENGINE; an Exposition of its 

Comparative Merits, ami an Essay towards an Improved System of Construction. 
By Dr. Ernst Alban. Translated from the German, with Notes, by Dr. Pole, 
M. Inst. C.E. &c. With 38 Plates. 8vo, 16*. 6./. cloth. 

" Goes thoroughly into the examination of the high-pressure engine, the boiler, and its appendages 
and deserves a plate in every Kit-auric library. "Steam iAiffiue C t f in k k , 
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Engineering Construction. 

PA TTERN-MA KING : A Practical Treatise, embracing the Main Type* 
of Engineering Construction and including Gearing, both Hand and Machine-made, 
Engine Work, Sheaves and Pulleys, Pipes and Columns, Screws, Machine Parts. 
Pumps and Cocks, the Moulding of Patterns in Loam and Greensand, Sec .; together 
with the methods of Estimating the weight of Castings ; to which is added an Appen- 
dix of Tables for Workshop Reference. By A Foreman Paiteris-Maker. 
With upwards of 370 Illustrations. Crown 8vo. 7s. 6d. cloth. 
" A well-written technical guide, evidently written by a man who understand! and ha» practised 
what be has written about. .... We cordially recommend il to engineering students, young, 
journeymen, and others dei roui of being initiated into the my-teries of pattern-making." — Builder. 

"The trade of the pattern maker i* now an important ipciialty in all branches 01 engineering and 

construction Wecan confidently recommend this comprehensive treatise." — Building News. 

" Likely to prove a welcome guide to many workmen, especially to draughtsmen who have lacked s> 
training in the shop*, pupils pursuing their practical studies in our factories, and to employers and 
managers in engineering works. — Hardtoart I'tadt Journal. 

'• More than 370 illustrations help to explain the text, which is. however, always dear and explicit, 
thus rendering the work an excellent vadt mtium (or the apprentice who desires to become nsmsker of bi» 
trade."— English Mechanic. 

Dictionary of Mechanical Engineering Terms. 

LOCK WOOD'S DICTIONARY OF TERMS USED IN THE 
PRACTICE OF MECHANICAL ENGINEERING, embracing those currenl 
in the Drawing Office, Pattern Shop, Foundry. Fitting, Turning, Smiths' and 
Boiler Shops, &c. &c. Comprising upwards of 6.000 Definitions. Edited by 
A Foreman Pattern -Ma*eb, Author of " Pattern Making." Crown 8vo, 7*. 6a". 
cloth. [/iff/ published - 

"Just the sort of handy dictionary required by the various trades engaged in mechanical engineer- 
ing. The practical engineering pupil will find the bo <k of great value in his undies, and every foreman 
engineer and mechanic should have a copy." — Builaing Newt. 

" After a careful examination of the book, anri trying all manner of word*, we think that the en- 
gineer will here find all he is likely to require. It will be largely utcd."~P>actieml Bnpmrr. 

"This admirable dictionary, although primarily intended for the use of draughtsmen and other 
technical craftsmen, is of much larger value as a book of refeieuce. and will fiod a ready welcome in. 
many libraries." — Glasgow Herald. 

8mith's Tables for Mechanics, &o. 

TABLES, MEMORANDA, AND CALCULATED RESULTS, 
FOR MECHANICS, ENGINEERS, ARCHITECTS. BUIIJ)ERS, <&v. 
Selected and Arranged by Francis Smith. Fourth Edition, Revived and Enlarged, 
250 pp. Waistcoat-pocket size, is. 6d. limp leather. [Just published. 

" It would, perhaps, be a* difficult to make a small pocket-book selection of notes and formulae to 
suit all engineers as it would be to make a universal medicine ; but Mr. Smith's waistcoat-pocket col- 
lection may be looked upon as a successful a< tempt."— En, inter. 

"The best cample we have ever seen of 240 pages of u«enil matter packed into the dimensions of a- 
card-case."— Building AVsvt. " A veritable pocket trea»uiy of knowledge."— Iron. 

Steam Boilers. 

A TREATISE ON STEAM BOILERS: Their Strength, Construc- 
tion, and Economical Working. By R. WlLaON, C.E. Fifth Edition. i2mo, 6s. cloth. 
"The best treatise that has ever been published on steam boilers."— Engineer. 
'• The author shows himself perfect master of his subject, and we heartily recommend all employing; 
steam pjwer to possess themselves of the WMk."—H jttamft Iran Trod* Circular. 

Boiler Chimneys. 

BOILER AND FACTORY CHIMNEYS; Their Draught-Power and 
Stability. With a Chapter on Lightning Comiuctors. By Robert Wilson, A.I.C.E. . 
Author of "A Treatise on Steam Boilers." Uc. Second Edition, Crown 8vo, 
y. td. cloth. 

Boiler Making. 

THE BOILER-MAKER'S READY RECKONER. With Example* 
of Practical Geometry and Templating, for the Use of Platers, Smiths, and 
Riveters. By John Courtney, Edited by D. K. Clark, M.I.C.E. Second 
Edition, revised with additions, i2mo, half-bound. 
" A most useful work. ... No workman or apprentice should be without ibis book."— /nsw. 

Trad* Circular. 

" A reliable guide to the working boiler maker." — Iron. 

" Boiler makers will readily recognise the value of this volume. . . . The tables are dearly 
printer 1 , and so arranged that they can be referred to with the greatest facility, so that it cannot bs> 
doubled Urn they will be generally appieciaied. and much used."— Mining Journal. 
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Steam Engine. 

TEXT-BOOK ON THE STEAM ENGINE. With a Supplement 
on Gas Engines. By T. M. Goodeve, M.A., Barrister-at-Law, Author of " The 
Elements of Mechanism," &c Ninth Edition, Enlarged. With numerous Illus- 
trations. Crown 8vo, 6s. cloth. \Jutt published. 

"Rrotaaor Goodeve has given u« a treatise hi the steam enrjne. which will bear comparison with 
-anything written by Huxley or Maxwell, and we can award it no higher praise." — Engineer. 
" Profaaaor Goodeve's book i» ably and clearly written. It it a sound work."— A the mm. 
" Mr. Goodeve's text-book is a work of which every young engineer should possess himself."— 

Mining Journal. 

" Essentially practical in its aim. The manner of exposition Uavea nothing to be desired.'— 
Scotsman. 

" A valuab'e vode mrcnm for the student of engineering, and should be in the pos ses sion of every 
■scientific reader."— CtUitnj Guardian. 

Sas Engines. 

ON GAS ENGINES. Being a reprint, with some additions, of the Sup- 
plement to the Text-book on Ike Steam Engine, by T. M. Goodkvf, M.A. Crown 
8vo, 2t. 6d. cloth. [Just published. 

" Like all Mr. Goodeve's writings, the present is no exception in point of general excellence. It .is 
a valuable little volume."— Mechanical Wi'ld. 

" This little book will be useful to those who desire to understand how the gas-engine works."— 

£ngUJt M.chanic. 

Steam. 

THE SAFE USE OF STEAM. Containing Rules for Unprofessional 
Steam-users. By an Engineer. Fifth Edition. Sewed, 6d. 
" If steam-users would but learn this little book by heart, boiler explosions would become sensations 
ty their rarity."— English Mechanic. 

Coal and Speed Tables. 

A POCKET BOOK OF COAL AND SPEED TABLES, for Engineers 
and Steam-users. By Nelson Foley, Author of " Boiler Construction." Pocket- 
size, jr. bd. cloth ; 4*. leather. 
" This is a very useful book, containing very useful table*. The results given are well chosen, and 
«be volume contains evidence that the author realty understands his subject. We can recommend the 
work with pleasure." — Mechanical World. 

" These tables are designed to dim the requirements of everyday use : they are of sufficient scope 
for most practical purposes, and may be commended tu engine, r> and users of steam." — Iron. 

" This pocket-book well merits the attrnii -> o- the practical engineer Mr. Foley has compiled a 
very usetul set of tables, the informatio i com .ined in which i» frequently required by engineers, coal 
consumers, and users of steam."— Iren and Coal Trades Review. 

fire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE-BRIGADES. With a History 
of Fire-Engines, their Construction, Use, and Management ; Remarks on Fire- Proof 
Buildings, and the Preservation of Lite from Fire ; Statistics of the Fire Appliances 
in English Towns ; Foreign Fire Systems; Hints on Fire- Brigades, &c. &c. By 
Charles F. T. Young, C.E. With numerous Illustrations, 544 pp., demy 8vo, 
£l 4j. cloth. 

"To such of oar readers as are interested in the subject of fires and tire apparatus, we can most 
■heartily commend this book. It is really the only Eugliah work we now have upon the subject." — 
Engineering. 

" it displays much evidence of careful research, and Mr. Young has put his facts neatly together. 
It is evident enough that his acquaintance with the practical details of the construction of steam fire 
engines, old and new, and the conditions with which it is necessary they should comply, is accurate and 
full." — Engineer. 



Gas Lighting. 

COMMON SENSE FOR GAS- USERS: A Catechism of Gas-Lighting 
for Householder*, Gasfitters, Millowners, Architects, Engineers, &c. &c By 
Robert Wilson, C.E., Author of "A Treatise on Steam Boiler*. " Second 
Edition. With Folding Plates and Wood Engravings. Crown 8 to, price it. 
in wrapper. 

"All gas-user, win decidedly bmsafa hotfc. hi twefca*. wA r.o«Vo^U <a«n V» 1 .*.e — . ■ «*■ 

Mr. WUoo^asnMenU m »-S mg im mim r - 
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THE POPULAR WORKS OF MICHAEL REYNOLDS 

("The Engine Driver's Friend"). 

Locomotive-Engine Driving. 

LOCOMOTIVE-ENGINE DRIVING: A Practical Manual for En- 
gineers in charge of Locomotive Engines. By Michael Reynolds, Member of the 
Society of Engineers, formerly Locomotive Inspector, L. B. and S. C. R. Seventh 
Edition. Including a Key to the Locomotive Engine. With Illustrations and 
Portrait of Author. Crown 8vo, 4s. 6d. cloth. 

"Mr. Reynolds has supplied a want, and has supplied it well. We can confidently re co mmend the 
book not only to the practical driver, but to everyone who takes an interest in the performance of loco- 
motive engines."— The Engineer. 

" Mr. Reynolds has opened a new chapter in the literature of the day. This admirable practical 
treatise, of the practical utility of which we have to speak in terms of warm commendation." — Athenenem. 

" Evidently the work of one who knows his subject thoroughly."— Railway Service Gaulle. 

"Were the cautions and rules given in the book to become part of the every -day working of our 
engine-drivers, we might have fewer distressing accidents to deplore. "Scotsman. 

Stationary Engine Driving. 

STATIONARY ENGINE DRIVING: A Practical Manual for En- 
gineers in Charge of Stationary Engines. By Michael Reynolds. Third 
Edition, Enlarged. With Plates and Woodcuts. Crown 8vo, 4s. 6d. cloth. 
"The author is thoroughly acquainted with his subjects, and his advice on the various points treated 

is clear and practical He has produced a manual which is an exceedingly useful one for the 

class for whom it is specially intended."— Engineering: 

" Our author leaves no stone unturned. He is determined that his readers shall not only know 
something about the stationary engine, but all about h."— Engineer. 

"An eogineman who has mastered the contents of Mr. Reynolds's book will require but little actual 
experience with boilers and engines befoie he can be trusted to look after them. "—JSnglitA Mechanic. 

The Engineer, Fireman, and Engine-Boy. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, AND 
ENGINE- BO Y. Comprising a Historical Notice of the Pioneer Locomotive Engines 
and their Inventors. By Michael Reynolds. With numerous Illustrations, 
and a fine Portrait of George Stephenson. Crown 8vo, 4s. 6d. cloth. 
" From the technical knowledge of the author, it will appeal to the railway man of to-day more forcibly 
than anything written by Dr. Smiles. .... The volume contains information of a technical kind, 
and facts that every driver should be familiar with."— Enflitk Mechanic. 

"We should be glad to see this book in the possession of everyone in the kingdom who has eves- 
laid, or is to lay, hands on a locomotive engine."— Iron. 

Continuous Railway Brakes. 

CONTINUOUS RAILWAY BRAKES: A Practical Treatise on Ike 
several Systems in Use in the United Kingdom; their Construction and Perform- 
ance. With copious Illustrations and numerous Tables. By Michael Reynolds. 
Large crown 8vo, 9/. cloth. 
"A popular explanation of the different brakes. It will be of great assistance in forming public 

opinion, and will be studied with benefit by those who take an interest in the brake."— English Mechanic. 
"Written with sufficient technical detail to enable the principal and relative connection of Use various 

parts of each particular brake to be readily grasped." —Mechanical World. 

Engine-Driving Life. 

ENGINE-DRIVING LIFE; or, Stirring Adventures and Incidents in 
the Lives of Locomotive Engine-Drivers. By Michael Reynolds. Ninth 
Thousand. Crown 8vo, 2s. cloth. 

" From first to last perfectly fascinating. Wilkie Collins's most thrilling conceptions are thrown into 
the shade by true incidents, endless in their variety, related in every page." — NertM British Mail. 

"Anyone who wishes to get a real insight into railway life cannot do better than read ' Engine - 
Driving Life' for himself, and if he once takes it up he will find that the author's enthusiasm and real 
love of the engine-driving profession will carry him on till he has read every page." — Saturday Km em. 

Pocket Companion for Engine men. 

THE ENGI NEMAN 'S POCKET COMPANION and Practical 
Educator for Enginemen, Boiler Attendants, and Mechanics. By Michael REY- 
NOLDS. With Forty-five Illustrations and numerous Diagrams. Second Edition, 
Revised. Royal i8mo, jr. 6d. strongly bound for pocket wear. [fust published. 
"This admirable work is well suited to accomplish its object, being the honest wor km a n s h ip of a> 
competent engineer." — Gtuegviv Herald. 

A most meritorious work, giving in a succinct and practical form all the information an eogine- 
mistder desirous of mastering the scientific principles of his daily catling would require." — The Miller. 
"A boon to those who are striving 10 become emotm. mtcbaew*?'— Dally CkmicU. 
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French-English Glossary for Engineers, Ac. 

A POCKET GLOSSARY OF TECHNICAL TERMS: ENGLISH- 
FRENCH, FRENCH-ENGLISH; with Tables suitable for the Architectural, 
Engineering, Manufacturing and Nautical Professions. By John James Fletcher, 
Engineer and Surveyor ; 200 pp. Waisicoat-pocket size, u. 6J. limp leather. 
" !' °»ul»t certainly to be in the wautcoat-pocket of every professional nan." — /rm. 

. ll U a vary peat advantage for readers and correspondents in Prance and England to hare to 

large a number of the words relating to engineering and manufacturer-, collected in a luipulian volume. 
..'re* boo ' < w '" u * e,ul "> students and traveller*."— A rckitrct. 

... glossary of term* it very complete, and many of toe Table* an new and well arranged. 

We cordially commend ihe book."— Mtcknjucnl World. 

Portable Engines. 

THE PORTABLE ENGINE; ITS CONSTRUCTION AND 
.MANAGEMENT, A Practical Manual for Owners and Users of Steam Engines 
generally. By William Dyson Wansbrough. YViih 90 Illustrations. Crown 
8*0, 3/. 6d. cloth. 17 mm fublithed. 

This it a work of value lo those who use steam machinery. . . - Should be read by every one 
who^ruu a fleam engine, on a farm or elsewhere."— Afmrk l-.afrtu. 

" VVe cordially commend this work to buyers and owners of steam engines, and to those who have to 
do with their construction or use."— Timber Tradei Journal, 

"Such a general knowledge of the steam engine u Mr. Wansbrough furnishes to the reader should 
be acquired by all intelligent owners and others who use the steam engine."— Building .Vrt*i. 

'" An excellent textbook of (his useful form of engine, which describes with all necessary mi nu tenet* 
the details of the various devices. . , . The ' Hints to Purchasers ' contain a good deal of comrnon- 
sense and practical wisdom "— Enriiih Mtikanic. 
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MR. HUMBER'S IMPORTANT ENGINEERING BOOKS. 

The Water-Supply of Cities and Towns. 

A COMPREHENSIVE TREATISE ON THE WATER-SUPPLY 
OF CITIES AND TOWNS. By William Hvmber, A-M. Inst- C.E., and 
M. Inst. M.E., Author of "Cast and Wrought Iron Bridge Construction," file. &c. 
Illustrated with 50 Double Plates, 1 Single Plate, Coloured Frontispiece, and up- 
wards of 250 Woodcuts, and containing 400 pages of Text- Imp. 410, £6 (v. 
elegantly and substantially half-bound in morocco. 

List of Contents. 

I. Historical Sketch of some or the means that 1 Machinery.— XII. Conduits. XIII. DUlribuiien 
have been adopted for the Supply of Water to of Water.— XIV. Meters, Service Pipes, and House 
Cities and Towns.— II. Water and the Foreign Fittings —XV. The Law and Economy of Water 
Matter usually associated with it -I II. Rainfall Works.— XVI. Constant and Intermittent Supply, 
and Evaporation.— IV. Springs and the water- — XVII. Description of Plates.— Appendvc«,gTOat 
bearing formations of various districts.— V. Mea- Tables of Rates of Supply, Velocities. ficc. Sc., 
surcment and Estimation ol the Flow of Water. — together with Specifications of several Works illua- 
VI. On the Selection of the Source of Supply.— Irated, among which will be found : Aberdeen, 
VII Wells.— VIII. Reservoirs — IX. The Puri- Bideford, Canterbury. Dundee, Halifax, Lambeth, 
fication of Water.— X. Pumps.— XI. Pumping Kotherham. Dublin, and others. 

"The most systematic and valuable work upon water supply hitherto produced in English, or in any 
other language. . . . Mr, Mumper's work is characterised almost throughout by an eahaustivenesS 
much more distinctive of French and German than of English technical treatises. " — Enfinttr. 

" kV*j can congratulate Mr. Humber on having been able to give so large an amount of information on 
a subject so important as the water supply of cities and towns The plates^ fifty in number, arc mostly 
drawings of executed works, and alone would have commanded the attention of every engineer whose 
practice may Lie in this branch of the profession."— Bmildir. 

Cast and Wrought Iron Bridge Construction. 

A COMPLETE AND PRACTICAL TREATISE ON CAST AND 
WROUGHT IRON BRIDGE CONSTRUCTION, including Iron Foundations. 
In Three Parts— Theoretical, Practical, and De»cripiive. By William Humber, 
A-M. Inst. C.E., and M. Inst. M.E. Third Edition, revised and much improved, 
with 115 Double Plates (ioof which now first appear in this edition), and numerous 
Additions to the Text. In a vols., imp, 410, £6 ibt. 6d. half- bound in morocco. 

"A very valuable contribution to the standard literature of civil engineering. In addition to elevations, 
plans, and sections, large scale details are given, which very much enhance the instructive worth of Chest 
illustrations." — Civil Enrinerr and AwikiiKi'i Journal. 

"Mr. Number's stalely volumes, lately issued— in which the roost important bridges erected dutine 
the last five years, under the direction ofthe late Mr. Brunei. Sir W. L'ubilt. Mr. Hawkshaw, Mr. Pnge, 
Mr. Fowler Mr. Hem ins, and others among our most eminent engineers, are drawn and •pecifieiS ib 
great detail."— Engineer. 
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MR. H UMBER'S GREAT WORK ON MODERN ENGINEERING. 

Complete in Four Volumes, imperial 4to, price £12 12/., half-morocco. Each volume 
sold separately as follows : — 

A RECORD OF THE PROGRESS OF MODERN ENGINEERING. 
First Series. Comprising Civil, Mechanical, Marine, Hydraulic, Railway, 
Bridge, and other Engineering Works, &c. By William Humber, A-M. last. 
C.E., &c. Imp. 410, with 36 Double Plates, drawn to a large scale, Photographic 
Portrait of John Hawkshaw, C.E., F.R.S., &c, and copious descriptive Letterpress, 
Specifications, &c, £3 3*. half-morocco. 

List of the Plates and Diagrams. 

Rhenish Rail (1 plate*) ; Bridge over the Thames, 
West London Extension Railway (5 plates] I : 
Armour PUtes : Suspension Bridge, Thames (4 
plates) : The Allen Engine ; Suspension Bridge, 
Avon (3 plates) ; Underground Railway (3 plates). 

" Handsomely lithographed and printed. It will find favour with many who desire to preserve » a 
permanent form copies of the plans and specifications prepared for the guidance of the contractors for 
many important engineering works." — Engineer. 

HUMBER'S RECORD OF MODERN ENGINEERING. SKCOHD 
Series. Imp. 410, with 36 Double Plates, Photographic Portrait of Robert 
Stephenson, C.E., M.P., F.R.S., &c, and copious descriptive Letterpress, Speci- 
fications, &c.,^3 3*. half-morocco. 

List of the Plates and Diagrams. 

Ebbw Viaduct, Merthyr, Tredegar, and Aber- 
gavenny Railway : College Wood Viaduct, Corn- 
wall Railway : Dublin Winter Palace Roof (j 
plates) ; Bridge over the Thames, L- C and D. 
Railway (6 plates) ; Albert Harbour, Greenock 
(4 plates). 



Victoria Station and Roof, L. B. ft S. C. R. 
tt plates) ; Southport Pier (» plates) ; Victoria 
Station and Roof. L. C. ft D. and G. W. R. (6 
plates) ; Roof of Cremorne Music Hall ; Bridge 
over G. N. Railway; Roof of Station, Dutch 



Birkenhead Docks. Low Water Basin (15 plates); 
Charing Cross Station Roof, C. C. Railway (3 
plates) : Digswell Viaduct, Great Northern Rail- 
way; Robbery Wood Viaduct, Great Northern 
Railway ; Iron Permanent Way ; Clydach Viaduct, 
Merthyr, Tredegar, and Abergavenny Railway ; 



bv the fine collection of examples he has 



" Mr. Humber has done the profession good and true service, bv the fine coll 
here brought before the profession and the public." — Practical M tetanic' 1 Jo. 

NUMBER'S RECORD OF MODERN ENGINEERING. THIRD 
Series. Imp. 4to, with 40 Double Plates, Photographic Portrait of J. R. M 'Clean, 
late Pres. Inst. C.E., and copious descriptive Letterpress, Specifications, &c >( £33x. 
half-morocco. 

List of the Plates and Diagrams. 

(1 plates); Outfall Sewer, Reservoir and Outlet 
(4 plates) ; Outfall Sewer, Filth Hoist ; Sections 
of Sewers (North and South Sides). 

Thames Embankmbnt. — Section of RiverWall ; 
Steamboat Pier, Westminster (» plates) ; landing 
Stairs between Charing Cross and Waterloo 
Bridges : York Gate (a plates) ; Overflow and 
Outlet at Savoy Street Sewer (3 plates) ; Steam- 
boat Pier, Waterloo Bridge (3 plates) ; Junction 
of Sewers, Plans and Sections ; Gullies, Plans, 
and Sections ; Rolling Stock ; Granite and Iron 
Forts. 



Main Drahcagb, MsTBorous.— North Sid*. 
— Map showing Interception of Sewers; Middle 
Level Sewer (i plates) ; Outfall Sewer, Bridge 
over River Lea (3 plates) ; Outfall Sewer, Bridge 
over Marsh Lane, North Woolwich Railway, and 
Bow and Barking Railway Junction ; Outfall 
Sewer, Bridge over Bow and Barking Railway (3 
plates) ; Outfall Sewer, Bridge over East London 
Waterworks' Feeder (a plates) ; Outfall Sewer, 
Reservoir (2 plates) ; Outfall Sewer, Tumbling 
Bay and Outlet; Outfall Sewer, Penstocks. 
Stulk Side.— Outfall Sewer, Bermondsey Branch 



"The drawings have a constantly increasing value, and whoever desires to possess clear 
dons of the two great works carried out by our Metropolitan Board will obtain Mr. 
volume."— Engiwtr. 

HUMBER'S RECORD OF MODERN ENGINEERING. FOURTH 
Series. Imp. 4to, with 36 Double Plates, Photographic Portrait of John Fowler, 
late Pres. Inst. C.E., and copious descriptive Letterpress, Specifications, &c, £3 y. 
half-morocco. 

List of the Plates and Diagrams. 

phic Apparatus for Mesopotamia; Viaduct over 



Abbey Mills Pumping Station, Main Drainage, 
Metropolis (4 plates) ; Barrow Docks (5 plates) ; 



Manquis Viaduct, Santiago and Valparaiso Rail- 
way (a plates) : Adam's Locomotive, St. Helen's 
Canal Railway (1 plates) ; Cannon Street Station 



Roof, Charing Cross Railway (3 plates): Road 
Bridge over the River Moka (a plates); Telegra- 



the River Wye, Midland Railway (3 plates); St. 
Germans Viaduct, Cornwall Railway (a plates) : 
Wrought-Iron Cylinder for Diving Bell : Mil I wall 
Docks (6 plates); Milroy'a Patent Excavator 
Metropolitan District Railway (6 plates); Har- 
bours, Ports, and Breakwaters (3 plates). 



"We gladly welcome another year's issue of this valuable publication from the able pen of Mr. Hum- 
ber. The accuracy and general excellence of this work are well known, while its usefulness in giving 
toe emxfuremenu and details of some of the latest exin>v\« ot envjyneexv&v ** carried out by the most 
eminent men in the profession, cannot be loo Kighiy prixed.."— Artisan. 
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MR. LUMBER'S ENGINEERING BOOKS- continued. 
Strains, Calculation of. 

A HANDY BOOK FOR THE CALCULATION OF STRAINS IN 
GIRDERS AND SIMILAR STRUCTURES, AND THEIR STRENGTH. 
Consisting of Formuloe and Corresponding Diagrams, with numerous details for 
Practical Application, &c. By William Humber, A-M. Inst. C.E., &c Fourth 
Edition. Crown 8vo, with nearly too Woodcuts and 3 Plates, Js. 6d. cloth. 
" The formula: are neatly expressed, and the diagram good."— Alkr**vm. 
We heartily commend this really handy book 10 our engineer and architect readers."— EngHth 
Mechanic. 

Barlow's Strength of Materials, enlarged by Humber. 

A TREATISE ON THE STRENGTH OF MATERIALS; with 
Rules for Application in Architecture, the Construction of Suspension Bridges, 
Railways, &.c. By Peter Barlow, F.R.S. A New Edition, revised by his 
Sons, P. W. Barlow, F.R.S., and W. H. Barlow, F.R.S.; to which are added. 
Experiments by Hodgkinson, Fairbairn, and Kirkaldv; and Formula: for 
Calculating Girders, &c. Arranged and Edited by Wm. H UMBER, A-M. Inst. C.E. 
Demy 8vo, 400 pp., with 19 large Plates and numerous Woodcuts, i3r. cloth. 

" Valuable alike to the studeot. tyro, anil the experienced practitioner, it will always raalt in future, 
has hitherto done, as the standard treatise on that particular subject."— Engineer. 
There is no greater authority than Barlow." — Building A1rti*t. 
_ "As a scientific work of the first class, it deserves a foremost place on the bookshelves of every 
civil engineer and practical mechanic." — Engliih Mechanic. 



Trigonometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A TRIGO- 
NOMETRICAL SURVEY, Jor the formation of Geographital and Topograplutal 
Maps and Plans, Military Recmnaiisantt, Levelling, &*c, with Useful Problems, 
Formulas, and Tables. By Lieut. -General Fromk, R.E. Fourth Edition, Revised 
and partly Re-written by Major-General Sir Charles Warren, G.C.M.G., R.E. 
With 19 Plates and 115 Woodcuts, royal 8vo, i6r. cloth. 
"The simple fact that a fourth edition has been called for is the be* testimony 10 its merits. No 

words of praise from as. can strengthen the position so well and so steadily maintained by this work. 

Sir Charles Warren has revised the entire work, and made such additions aa were necessary to bring every 

portion of the contents up to the present date," — Hrv.id .Arrow. 

Oblique Bridges. 

A PRACTICAL AND THEORETICAL ESSAY ON OBLIQUE 
BRIDGES. With 13 large Plates. By the late GEORGE WATSON BUCK, M.I.C.E, 
Third Edition, revised by his Son, J. H. Watson Buck, M.I.C.E.; and with the 
addition of Description to Diagrams for Facilitating the Construction of Oblique 
Bridges, by W. H. Barlow, M.I.C.E. Royal 8vo, 12/. doth. 

" The standard text-book for all engineers regarding skew arches is Mr. Buck's treatise, and it would 
be impossible to consult a betler."— Engineer. 

" Mr. Buck's treatise is recognised as n standard teat-book, and his treatment has divested the subject 
of many of the intricacies supposed to belong to it, As a guide 10 the engineer and architect, on a 
confessedly difficult subject, Mr. Buck's work is unsurpassed. — Building AVawr. 

Bridge Construction. 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUCT/ON 
OFMASONR Y, TIMBER, AND IRON. Consisting of 46 Plates from the Contract 
Drawings or Admeasurement of select Works. By W. D. HaSKOLL, C.E. 
Second Edition, with the addition of 554 Estimates, and the Practice of Setting 
out Works. Illustrated with 6 pages of Diagrams. Imp. 4to, £2 12s. 6d. half- 
morocco. 

" A work of the present nature, by a man of Mr. Haskoll's experience, must piove invaluable. 

The tables of estimates will considerably enhance its value." — Engineering. 

Earthwork. 

EARTHWORK TABLES. Showing the Contents in Cubic Yards of 
Embankments, Cuttings, &C, of Heights or Depths up to an average of 80 feeL By 
Joseph Broadben t, C.E,, and Francis Cam pin, C.E. Crown Svo, 5*. cloth. 
" The way in which accuracy is attained, by a simple division ol each cross section into three 
dements, two in which are constant and one variable, is iagCAious.'' — AtKfnww. 
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Statics, Graphic and Analytic. 

GRAPHIC AND ANALYTIC STATICS, in tkar Practical Applica- 
tion to the Treatment of Stresses in Roofs, SoSd Orders, Lattice, Bowstring, and 
Suspension Bridges, Braced Iron Arches and Piers, and other Frameworks. Bv 
R. Hudson Graham, C.E. Containing Diagrams and Plates to ScaJe. With 
numerous Examples, many taken from existing Structures. Specially arranged 
for Class-work in Colleges and Universities. Second Edition, Revised and En- 
larged, 8ro, 16s. cloth. 
XngtOer GT * Sam t >x>ok find ■ P^ce wherever graphic and analytic itatics are used or studied.*— 
" This exhaust ire treatise is admirably adapted for the architect and engineer, and will tend to i 



and engineer, and will tend to wean 
the profession from a tedious and laboured mode of calculation. To prove the accuracy of the graphical 
demonstrations, the author compares them with the analytic formula given by Ra nking ." — Butldimg 
Newt. 

" The work is excellent from a practical point of view, sad has evidently been prepared with much 
care. The directions for working are ample, and are illustrated by an abundance of well -selected 
examples. It is an excellent text-book for the practical draughtsman/'—^ tktnmum. 

Survey Practice. 

AID TO SURVEY PRACTICE : for Reference in Surveying, Levelling, 
Setting-out and in Route Surveys of Travellers by Land and Sea. With Tables, 
Illustrations, and Records. By Lowis D'A. Jackson, A.M.I.C.E., Author of 
"Hydraulic Manual," " Modern Metrology," &c. Large crown 8vo, 12s. 6d. cloth. 
"Mr. Jackson has produced a valuable vade-mtcum for the surveyor. We can recommend this book 
as containing an admirable supplement to the teaching of the accomplished surveyor." — Atke nmum . 

" We cannot recommend to the student who knows something of the mathematical principles of the 
subject a better course than to fortify his practice in the field under a competent surveyor with a study of 
Mr. Jackson's useful manual."— Building Nrwt. 

As a text-book we should advise all surveyors to place it in their libraries, and study well the 
matured instructions afforded in-its pages." — Colliery Guardian. 

" The author brings to his work a fortunate union of theory and practical experience which, aided by 
a clear and lucid style of writing, renders the book a very useful one." — Builder, 

Surveying, Land and Marine. 

LAND AND MARINE SURVEYING, in Reference to the Prepara- 
tion of Plans for Roads and Railways ; Canals, Rivers, Towns' Water Supplies ; 
Docks and Harbours. With Description and Use of Surveying Instruments. By 
W. Davis Haskoll, C.E., Author of "Bridge and Viaduct Construction," &c. 
Second Edition, Revised, with Additions. Large crown 8vo, 9*. cloth. 
" This book must prove of great value to the student. We have no hesitation in recommending it, 
feeling assured that it will more than repay a careful study." — Mtchamicmt Wtrld. 

" A most useful and well arranged book for the aid of a student. We can strongly recommend it as 
a carefully-written and valuable text-book. It enjoys a well-deserved repute among surveyors.''— Buildtr. 

"This volume cannot fail to prove of the utmost practical utility. It may be safely recommended to 
all students who aspire to become clean and expert surveyors." — Minxn[ Journal 

Levelling. 

A TREATISE ON THE PRINCIPLES AND PRACTICE OF 
LE VELLING, Showing its Application to purposes of Railway and Civil Engineer- 
ing in the Construction of Roads ; with Mr. Telford's Rules for the same. By 
Frederick W. Simms, F.G.S., M. Inst. C.E. Seventh Edition, withthe addition of 
Law's Practical Examples for Setting-out Railway Curves, and Trautwine's Field 
Practice of Laying-out Circular Curves. With 7 Plates and numerous Woodcuts, 
8vo, Ss. 6d. cloth. *»* Traotwine on Curves may be had separate, 5*. 

" Tks text-book on levelling in most of our engineering schools and colleges."— EngiHttr. 

" The publishers have rendered a substantial service to the profession, especially to the younger 
members, by bringing out the present edition of Mr. Simms's useful work."— Eneiiutriiif. 

Tunnelling. 

PRACTICAL TUNNELLING. Explaining in detail the Setting-out ot 
the works, Shaft -sinking and Heading-driving, Ranging the Lines and Levelling 
under Ground, Sub-Excavating, Timbering, and the Construction of the Brickwork 
of Tunnels, with the amount of Labour required for, and the Cost of, the various 
portions of the work. By Frederick W. Simms, F.G.S., M. Inst. C.E. Third 
Edition, Revised and Extended by D. Kinnear Clark, M.Inst. C.E. Imp. 8vo, 
with 2t Folding Plates and numerous Wood Engravings, 30X. cloth. 
"The estimation in which Mr. Simms's book on tunnelling has been held for over thirty years cannot 
"be more truly expressed than in the words of the late Professor Ran Vine :— 'The best source of inform* - 
ujion on the subject of tunnels is Mr. F. W. Simms's work on Practical Tunnelling.'"— A rchiltct. 

" It has been legarded from the first as a text book of the subject . . . Mr. dark has added 
immensely to the valne of the book. ' ' — En (inter 

" The additional chapters by Mr. ClarV, convutano; as. vWj do numerous examples of modern 
practice, bring the book well up to dale."— KnjinsrriRr.. 
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Heat, Expansion by. 

E.XPANSIOX OF STRUCTURES BY HEAT. By JOHK Keily, 
< I . , Lire ofthe Indian Public Worksand Victorian Radway Depart menu. Crown 
Svo, is. 6d„ doth. {Just publiiked. 

Summary op Contents. 

Section I.— Fomculas akd Data. I Section VI.— Mich*nic*l Foacr or Heat. 

Section II. — Mbtal Bans. Svcum VtU— Woaie or i- -,< amu Con- 

Section III.— Stair lk P*amu. t>actio». 
Section IV. — Oomtlcx Fkamb akd Phtis, Section VIII.— SvsrBfsioM B»idcks. 
Section V. — Thumal Conductivity. | Scciioa IX. — Masoxky St«i>cti'b«». 

"The lint the author hat act before him. vu., to thow the effects of hut upon metallic and other 
•fractures, it a laudable one, (at this ii a branch of physics upon which (he engineer or •rchilect on 
find but little reliable and comprehensive data in boo III'' — BntiJ*r. 

Whoever is concerned to know the effect tif chances of temperature on such structures as tuaptn- 
aion bridges and the like could ool do better than c insult Mr. Kidy's valu ible and handy eeposiiiun of 
the geometrical principle* involved in mcse cuangea. Tne book la lucidly written through***!*" 
Scoinm&n, 

Practical Mathematics. 

MA THEM A TICS FOR PRACTICAL MEN: Being a Common-place 
Book of Pure and Mixed Mathematics. Designed chiefly for the Use of Civil 
Engineers, Architects and Surveyor*. By OlInthUs GRBtiofcY, LL.D., F.R.A.S., 
Enlarged by Hknrv Law, C,E. Fourth Ed., carefully revised by J. R. Younis, 
formerly Professor of Mathematics, Belfast College. With I j Pities, svo.^i ir. cloth, 

" The engineer or architect will here find ready to his hand rules for solving nearly every mathematical 
difficulty thai may arise, in hii practice. The rules ate in all case* captained by meant of e samples, in 
which every step of the process is clearly worked out." — BuiLftr. 

" One of the most serviceable books for practical mechanics. . . . It is an instructive book for the 
student, and a Teat-book for him who, having once mastered the subjects u treats ul, needs occasionally 
to refresh his memory upon them." — OuMim Strut. 

Hydraulic Tables. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULAE for 
Finding the Discharge of Water from Orifices, Notches, Heirs, Pipes, and Rivers. 
With New Formulae, Tables, and General Information on Rain-fall, Catchmeut- 
Bastns, Drainage, Sewerage, Water Supply for Towns and Mill Power. By JOHN 
Neville, Civil Engineer, M, R, I. A. Third Edition, carefully revised, with con- 
siderable Additions. Numerous Illustrations. Crown Svo, i .. . cloth. 

"Alike valuable ro students and engineers in practice) its study will prevent the annoyance of 
avoidable failures, and assist them to select the readiest means of successfully carrying out any given 
work connected with hydraulic engineering.'* — Mining J&urnat. 

" It is, of all English books on the subject, the one nearest to completeness .... From the 
good arrangement of the matter, the clear explanations and abundance c*l formula?, the carefully 
calculated tables, and, above all, trio thorough acquaintance with both theory and construction, which is 
displayed from first 10 last, the book will be found 19 be an acquisition,"— Arfhilr,-!. 

River Engineering. 

RIVER BARS: The Causes of their Formation, and their Treatment by 
" Imiwed Tidal Scour ;" with a Description of the Successful Reduction by this 
Method of the Bar at Dublin. By I. J. Mann, Assist. Eng. in the Dublin Port 
and Docks Board. Royal 8vo, fs. or, cloth. 

" We recommend all interested in harbour worki — and, indeed, those concerned in the improvtmeats 
of rivers generally — to read Mr. Mann"* interesting work on the treatment of nver ban." — Engimttr. 

" The author's discu»>ion on wave-action, cuncnts and scour •» intelligent and interfiling. . , A most 
valuable contribution to the history of this branch of engineering. ''^-Entinfertn^ ami Mining ynrnrnsi. 

Hydraulics. 

HYDRA ULIC MANUAL. Consisting of Working Tables and Explana- 
tory Text. Intended as a Guide in Hydraulic Calculations and Field Operations. 
By Lowis D'A. Jackson, Author of 14 Aid to Survey Practice," •'Modem 
Metrology," &c. Fourth Edition. Rewritten and Enlarged. Large crown Svo, 
i6r. cloth. 

" The author has had a wide experience in hydraulic engineering, Tooth in South America and in India, 
and has been a careful observer of the facts which have come under his notice, as well as a painstaking 
collector and critic of the results of the experiments of others, and from the great mass of material ai his 
command he has constructed a manual which may be accepted as a trustworthy guide to this h ranch of 
the engineer' » profession. We can heartily recommend thia volume to all who desire to be acquainted 
with the latesc development of this important subject-"— Enginrmng. 

" The standard work in this department of mechanics. The present edition has been brought abreast 
of the most recent practice." — Sceti man. 

11 The most useful feature of this work is its freedom from what is superannuated, and its thorough 
adoption of recent eaperiaeau ; the teat is ia fact in great part a short account of the great modem 
experiments." — Nature. 
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Drainage. 

ON THE DRAINAGE OF LANDS, TOWNS AND BUILDINGS. 
By G. D. Dempsey, C. E, Author of "The Practical Railway Engineer," &c. 
Revised, with large Additions on Recent Practice in Drainage Engineering, 
byD. KlNNSAR Clark, M.Inst. C.E., Author of "Tramways: their Construc- 
tion and Working," " A Manual of Rules, Tables, and Data for Mechanical 
Engineers," &c. &c. Crown 8vo, Js. 6d. cloth. [Just publish**. 

"The new matter added to Mr. Dempiey's excellent work is characterised by the comprehensive 
grasp and accuracy of detail for which the name of Mr. D. K. dark is a sufficient voucher. "— 
AtMinutum. 

" As a work on recent practice in drainage engineering, the book is to be commended to all who axe 
making that branch of engineering science their special study."— Iran. 

" A comprehensive manual on drainage engineering, and a useful introduction to the student." — 
Buildinc Ntwt. 

Tramways and their Working. 

TRAMWAYS: Their CONSTRUCTION and WORKING. Embracing 
a Comprehensive History of the System ; with an exhaustive Analysis of the Various 
Modes of Traction, including Horse Power, Steam, Heated Water, and Compressed 
Air ; a Description of the Varieties of Rolling Stock ; and ample Details of Cost 
and Working Expenses ; the Progress recently made in Tramway Construction, &c, 
&c. By D. Kinnear Clark, M.Inst. C.E. With over 200 Wood Engravings, 
and 13 Folding Plates. Two Vols. Large crown 8vo, 30J. cloth. 
" All interested in tramways must refer to it, as all railway engineers have turned to the author's 
work ' Railway Machinery.' " — Engineir. 

"An exhaustive and practical work on tramways, in which the history of this kind of locomotion, and 
a description and cost of the various modes of laying tramways, are to be found." — Building Newt. 

" The best form of rails, the best mode of construction, and the best mechanical appliances, are s» 
fairly indicated in the work under review that any engineer about to construct a tramway will be enabled 
at once to obtain the practical information which will be of most service to him."— Aiknaum. 

Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION OF 
OBLIQUE ARCHES. By John Hart. Third Edition, with Plates. Imperial 
8vo, is. cloth. 

Curves, Tables for Setting-out. 

TABLES OF TANGENTIAL ANGLES AND MULTIPLES FOR 
SETTING-OUT CURVES from 5 to 200 Radius. By Alexander Brazklry, 
M. Inst. C.E. Third Edition. Printed on 48 Cards, and sold in a doth box, 
waistcoat-pocket size, 3s. 6d. 

" Each tabic is printed on a small card, which, being placed on the theodolite, leaves the hands free 
to manipulate the instrument — no small advantage as regards the rapidity of work." — Enginter. 

" Very handy : a man may know that all his day's work must fall on two of these cards, which he put* 
into his own card-case, and leaves the rest behind." — Athenaum. 

Engineering Fieldwork. 

THE PRACTICE OF ENGINEERING FIELDWORK, Applied to 
Land and Hydraulic, Hydrographic, and Submarine Surveying and Levelling. 
Second Edition, Revised, with considerable Additions, and a Supplement on Water- 
works, Sewers, Sewage, and Irrigation. By W. Davis Haskoll, C.E. Numerous 
Folding Plates. In One Volume, demy 8vo, £1 $s. cloth. 

Tunnel Shafts. 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. A Practi- 
cal and Theoretical Essay. By J. H. Watson Buck, M. Inst. C.E., Resident 
Engineer, London and North- Western Railway. Illustrated with Folding Plates, 
royal 8vo, I2j. cloth. 

Many of the methods given are of extreme practical value to the mason, and the observations on 
the form of arch, the rules for ordering the stone, and the construction of the templates, will be found of 
considerable use. We commend the book to the engineering profession."— Building- Neva. 

" Will be regarded by civil engineers as of the utmost value, and calculated to save much tune and 
obviate many mistakes."— Colliery Guardian. 

Girders, Strength of. 

GRAPHIC TABLE FOR FACILITATING THE COMPUTATION 
OF THE WEIGHTS OF WROUGHT IRON AND STEEL GIRDERS, cVc, 

for Parliamentary and other EstuaaXes,. IVj \. H. Watson Buck, M. Inst CE. 

On a Sheet, 2S. 6d. 
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Trusses. 

TRUSSES OF WOOD AND IRON. Practical Applications of Science 
in Determining tht Slrents, Breaking Weights, Soft Loads, Scantlings, and Details 
of Construction. With Complete Working Drawings. By William Gbippiths, 
Surveyor, Assistant Master, Tranmere School of Science and Art. Oblong 8vo, 
•: . 6if. cloth. 

' 1 This handy little book enter* so minutely into erery detail connected with the construction of roof 
trusses, that no student nerd be ignorant of these matters for waul of aa easy source to come at the 
knowledge." — Practical Engineer. 

"From the manner of treating the subject. Mr. Griffiths' book is clear enough to enable a student 
(O be his own teacher. It will be useful in the science school and in workshops.''— Arehitttt. 

Railway Working. 

SAFE RAILWA Y WORKING. A Tnatise on Railway Accidents t 
Theit Cause and Prevention ; with a Description of Modern Appliances and Systems. 
By Clement E. Stretton, C. E.,Vice- President and Consulting Engineer, Amalga- 
mated Society of Railway Servants. With Illustration* and Coloured Plates, crown 
Svo, 4s. 6d. strongly bound. 

Outline of Contents. 



Chapter I.— Summary of Ail jde*ts, iB&j. 
Chapter 11.— PtKMANSNT WAV. 
Chapter HI. — Signalling i Block System. 
Chapter I V.— Continuous Ukakbs. 
Chapter V. — Beeaking op Railway Axles. 
Chapter VI.— Railway COuhjnos. 



Chapter VII.— Railway Servants and tne 

Law or Mamslaughtbe. 
Appendix I.— Railway Tbafpic Rbtukme. 
Appendix II.— Railway Signal Returns. 
Appendix III. — Continuous Brakes RjrruRMt, 
Appendix I V - .— Mixed Trains. 

*.• Opinions of the Press 

" A book for the engineer, the directors, the managers ; and, to short, all who wish for information 
on railway matters will find a perfect encyclopaedia in " Sa'u Railway Working ' " — Xmitwaf Revinu. 

" Mr. Clement E. Simioii, the energetic Vice-President of the Amalgamated Society of Railway 
Servants, may be congratulated on having collected, in a very convenient form, much valuable infonna. 
(ion on the principal questions affecting the safe working of railways."— Emihaay Enrnutr. 

"We commend tne remarks on railway signalling to all railway managers, especially where a uniform 
code and practice is advocated." — Hrrtpatk't Railway Journal. 

Field-Book for Engineers. 

THE ENGINEER 'S, MINING SUR VE YOR'S, and CONTRA CTOR'S 
FIELD-BOOK. Consisting of a Series of Tables, with Rules, Explanations of 
Systems, and use of Theodolite for Traverse Surveying and Plotting the Work with 
minute accuracy by means of Straight Edge and Set Square only ; Levelling with 
the Theodolite, Casting-out and Reducing Levels lo Datum, and Plotting Sections 
in the ordinary manner : Setting-out Curves with the Theodolite by Tangential 
Angles and Multiples with Right and Left-hand Readings of the Instrument; Setting- 
out Curves without Theodolite on the System of Tangential Angles by Sets of Tan- 
gents and Offsets; and Earthwork Tables to 80 feet deep, calculated for every 6 
inches in depth. By W. Davis Ha&koll, C.E. With numerous Woodcuts. 
Fourth Edition, Enlarged. Crown 8vo, 12s. cloth. 

"The book is very handy ; the separate tables of sines and tangents to every minute will make it 
useful for many other purposes, the genuine traverse tables existing allthe same." — Athetumm. 

" Every person engaged in engineering field operations will em male the importance of such a work 
and the amount of valuable time which will be saved by reference to a set of reliable tables prepared 
with the accuracy and fulness of those given in this volume" — KajJvmj JVetre. 

Earthwork, Measurement of. 

A MANUAL ON EARTHWORK. By Alex. J. S. Graham, C.E. 
With numerous Diagrams. iSmo, 23. 6d. cloth. 

" A great amount of practical information very admira bly arranged , and available for rough estimates, 
as well as for the marc exact calculations required in the engineer's and contractor's once*. — Ariiusn. 

Strains in Ironwork. 

THE STRAINS ON STRUCTURES OF IRONWORK; with Prac- 
tical Remarks 011 Iron Construction. By F. W. SHEILDS, M. InsL CE. Second 
Edition, with 5 Plales. Royal 8vo, 5*. cloth. 

" 4 The student cannot find a better little book on this § abject.' ' — h n/ciueer. 

Cast Iron and other Metals, Strength of. 

A PRACTICAL ESSAY ON THE STRENGTH OF CAST IRON 
AND OTHER METALS. By Thomas Trsdgold, C.E. Fifth Edition, La- 
eluding Hougkinson's Experimental Researches. 8vo, izr. doth. 
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ARCHITECTURE, BUILDING, etc. 

Construction. 

THE SCIENCE OF BUILDING: An Elementary Treatise on the 
Principles of Construction. By E. Wyndham Tarn, M.A., Architect. Second 
Edition, Revised, with 58 Engravings. Crown 8vo, Js. 6d. cloth. 

"A very valuable book, which we strongly recommend to all students." — Buildrr. 

"No arcbitectnial student should be without this hand-book of const ructicmal knowledge."— 
Architect. 

Villa Architecture. 

A HANDY BOOK OF VILLA ARCHITECTURE: Being a Series 
of Designs for Villa Residences in various Styles. With Outline Specifications and 
Estimates. By C. Wickks, Architect, Author of " The Spires and Towers of 
England," &c. 61 Plates, ato, £1 lis. 6d. half.morocco, gilt edges. 

" The whole of the designs bear evidence of their being the work of an artistic architect, and they 
will prove very valuable and suggestive." — Budding Anus. 

Text-Booh for Architects. 

THE ARCHITECT'S GUIDE: Being a Text-book of Useful Infor- 
mation for Architects, Engineers, Surveyors, Contractors, Clerks of Works, &c r 
&c By Frederick Rogers, Architect, Author of " Specifications for Practical 
Architecture," &c. Second Edition, Revised and Enlarged. With numerous Illus- 
trations. Crown 8vo, 6s. cloth. 

" A* a text book of useful information for architects, engineers, surveyors, &c, it would be hard to> 
find a handier or more complete little volume."— Standard. 

"A young architect could hardly have a better guide-book-"— Timber Trades Journal. 

Taylor and Cresy's Borne. 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By the late 
G. L. Taylor, Esq., F.R.I.B.A., and Edward Cresy, Esq. New Edition, 
thoroughly revised by the Rev. Alexander Taylor, M.A. (son of the late G. L. 
Taylor, Esq ), Fellow of Queen's College, Oxford, and Chaplain of Gray's Inn, 
Large folio, with 130 Plates, half-bound, £3 3/. 

N.B. — This is the only book which gives on a large scale, and with the precision- 
of architectural measurement, the principal Monuments of Ancient Rome in plan, eleva- 
tion, and detail. 

" Taylor and Cresy's work has from its first publication been ranked among those professional book*. 
which cannot be bettered. ... It would be difficult to find examples of drawings, even among thosc- 
of the most painstaking students of Gothic, more thoroughly worked out than are the one hundred and 
thirty plates in this volume."— Arckittct, 

Architectural Drawing. 

PRACTICAL RULES ON DRAWING, for the Operative Builder 
and Young Student in Architecture. By George Pyne. With 14 Plates, ato r 
7 s. 6d. boards. 

Civil Architecture. 

THE DECORATIVE PART OF CIVIL ARCHITECTURE. By 
Sir William Chambers. F. R.S. With Illustrations, Notes, and an Examination, 
of Grecian Architecture, by Joseph Gwilt, F.6.A. Edited by W. H. Leeds. 
66 Plates, 4to, 21*. cioth. 

House Building and Repairing. 

THE HOUSE-OWNER'S ESTIMATOR; or, What will it Cost to- 
Build, Alter, or Repair? A Price Book adapted to the Use of Unprofessional 
People, as well as for the Architectural Surveyor and Builder. By the late James. 
D. Simon, A.R.I.B.A. Editedand Kevised by Francis T. W. Miller, A.R.l.B.A. 
With numerous Illustrations. Thiid Edition, Revised. Crown 8vo, 3/. 6«£ cloth. 

"In two yean it will repay its cost a huno-ieA times on«." — Fitld. 

"A very handy book"— English MetLanic. 




THE STUDENT'S GUIDE to the PRACTICE of MEASURING and 
VALUING ARTIFICERS' WORKS. Containing Directions for la king Di men - 
sions, Abstracting the same, and bringing the Quantities into Bill, with Tables of 
Constants, and copious Memoranda for the Valuation of Labour and Materials in 
the respective Trades of Bricklayer and Slater, Carpenter and Joiner, Painter and 
Glazier, Paperhanger, &c. With 8 Plates and 63 Woodcuts. Originally edited by 
Edward Dobsov, Architect. Fifth Edition, Revised, with considerable Additions 
on Mensuration and Construction, and a New Chapter on Dilapidations, Repairs, 
and Contracts, by E. Wyndham Tarn, M.A. Crown 8vo, oj. cloth. 

" Well fulfils (he promise of Us title-pace, and we can thoroughly recommend it to the class for 
whose use it has been compiled. Mr. Tarn s additions and revision* have much increased the useful' 
oess of the work, and have especially augmented its value to sUiJeiiii."— Enfi •Mring. 

"The work has been carefully rs "laid and edited by Mr. K. Wyndham Tarn, Id. A., and comprises 
several valuable additions on construction, mensuration, dilapidations aod repairs, and other matters. 
. , . This edition will b* found the most complete treatise on the principles of measuring: and valuing; 
artuVcera' work that has yet been published. " —Building AVim. 



Pocket Estimator and Technical Guide. 

THE POCKET TECHNICAL GUIDE, MEASURER, AND ESTI- 
MATOR FOR BUILDERS AND SURVEYORS. Containing Technical 

Directions for Measuring Work in all the Building Trades, with a Treatise on the 
Measurement of Timber and Complete Specifications for Houses, Roads, and Drains, 
and an Easy Method of Estimating the various parts of a Building collectively. By 
A. C. Beaton, Author of " Quantities and Measurements," &c Fourth Edition. 
Carefully Revised and Priced according to the Present Value of Materials and Labour, 
with 53 Woodcuts, leather, waistcoat-pocket size, is. 6J gilt edges. 

" No builder, architect, surveyor, or valuer should be without his * Beaton's GuiAt.'—Builduit 

AVsw. 

" Contains an extraordinary amount of information in daily requisition in measuring and estimating. 
Its presence in the pocket will save valuable time and trouDte. '—Bmildimf World, 

"An exceedingly handy pocket companion, thoroughly reliable."— BsuirVr'a Wrtktj Rtforttr. 

"This neat Little compendium contains all that is requisite in carrying out contracts for excavating, 
tiling, bricklaying, paving, &c"—Brituk Tradt Jnnial. 



Donaldson on Specifications. 

THE HANDBOOK OF SPECIFIC A TIONS; or, Practical Guide to 
the Architect, Engineer, Surveyor, and Builder, in drawing up Specifications and 
Contracts for Works and Constructions. Illustrated by Precedents of Buildings 
actually executed by eminent Architects and Engineers. By Professor T. L. 
Donaldson, P.R.I. B.A., &c. New Edition, in one large ML, 8vo t with upwards 
of 1, 000 pages of Text, and 33 Plates, £1 I ir. bJ. cloth. 

In this work forty-four specifications of executed works are given, including the specifications for 
parts of the new Houses of Parliament, by Sir Charles Barry, and lor the new Royal Exchange, by M r. 
Tile, M.P. The latter, in particular, is a very complete and remarkable document. It embodies, to 
a great extent, as Mr. Donaldson mentions, ' the bill of quantities, with the description of the works.* 
. . . It is valuable as a record, and more valuable still as a book of precedents, . , . Suffice it 
to say that Donaldson's ' Handbook of Specifications' must be bought by all architects." — Buildtr. 



Bartholomew and Rogers' Specifications. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE. A 
Guide to the Architect, Engineer, Surveyor, and Builder. With an Essay on the 
Structure and Scienceof Modern Building*. Upon the Basisof the Work by ALFRED 
Bartholomew, thoroughly Revised, Corrected, and greatly added to by Frederick 
Rogers, Architect. Second Edition, Revised, with Additions. With numerous 
Illustrations, medium Svo, 1 5.1. cloth. 

"The collection of specifications prepared by Mr. Rogers on the basis of Bartholomew's work is too 
well known to need any iccouimendanon from us. It is one ol the books with which every yrmng archi- 
tect must be equipped ; for lime ha* shown that the specifications cannot be set aside through any 
defect in them."— Archiltct. 

" Good forms for specifications are of considerable value, and it was an excellent idea to compile a 
woik on the subject upon the basis of the tale Alficd Bartholomew's valuable work. The second edition 
of Mr. Rogers's book is evidence of the want of a bcuk dealing with modern requirements and ma- 
terials." — Bmildinc 
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Geometry for the Arohiteot, Engineer, &o. 

PRA CTICAL GEOMETR Y,for the Architect, Engineer, and Mechanic. 
Giving Rules for the Delineation and Application of various Geometrical Lines, 
Figures, and Curves. By E. W. Tarn, M. A., Architect, Author of " The Science 
of Building," &c. Second Edition. With Appendices on Diagrams of Strains 
and Isometrical Projection. With 172 Illustrations, demy 8vo, or. cloth. 

" No book with the tame objects in view has ever been published in which the clearness of the rules 
laid down and the illustrative diagrams have been so satisfactory." — Scotsman. 

" This is a manual for the practical man, whether architect, engineer, or mechanic. . . . The 
object of the author being to avoid all abstruse formula; or complicated methods, and to enable persons 
with but a moderate knowledge of geometry to work out the problems required." — Engltik Mechanic. 

The Science of Geometry. 

THE GEOMETRY OF COMPASSES; or, Problems Resolved by the 
mere Description of Circles, and the use of Coloured Diagrams and Symbols. By 
Oliver Byrne. Coloured Plates. Crown 8vo, jr. 6d. cloth. 

"The treatise is a good one, and remarkable— like all Mr. Byrne's contributions to the science of 
geometry— for the lucid character of its teaching."— Building Ntmt. 



DECORATIVE ARTS, etc. 



Woode and Marbles, Imitation of. 

SCHOOL OF PAINTING FOR THE IMITATION OF WOODS 
AND MARBLES, as taught and practised by A. R. Van der Burg and P. 
Van der Burg, Directors of the Rotterdam Painting Institution. Royal folio, 
18, by 12} in., Illustrated with 24 full-size Coloured Plates; also 12 plain 
Plates, comprising 154 Figures. Second and cheaper Edition. Price ,£i ilx. 6a\ 

List of Plates. 

1. Various Tools required for Wood Painting— 
•,3. Walnut; Preliminary Stages of Graining and 
Finished Specimen — 4. Tools used for Marble 
Painting and Method of Manipulation— 3, 6. St. 
Remi Marble ; Earlier Operations and Finished 
Specimen — 7. Methods of Sketching different 



Grains, Knots, &c— 8,9. Ash: Preliminary Stages 
and Finished Specimen— 10. Methods of Sketching 
Marble Grains — 11, la. Breeds Marble ; Prelimin- 
ary Stages of Working and Finished Specimen — 
13. Maple; Methods of Producing the different 
Grains — 14, 13. Bird's-eye Maple; Preliminary 
Stages and Finished Specimen— 16. Methods of 
Sketching the different species of White Marble 
17, 18. White Marble ; Preliminary Stages of Pro- 



cess and Finished Specimen — 19. Mahogany : 
Specimens of various Grains and Methods of 
Manipulation — so, as. Mahogany ; F.arlier Stages 
and Finished Specimen — 37, 33, 24. Sienna Marble : 
Varieties of Grain, Preliminary Stages and Finished 
Specimen— as, 36, 27. Juniper Wood ; Methods of 
producing Grain, &c. — Preliminary Stages and 
Finished Specimen — 38, 39, 30. Vert de Mer 
. Marble; Varieties of Grain and Methods of Work- 
ing, Unfinished and Finished Specimens — 31, 3a, 
31. Oak ; Varieties of Grain. Toots employed and 
Methods of Manipulation, Preliminary Stage* and 
Finished Specimen— 34. 35, 36. Waulsort Marble ; 
Varieties of Grain, Unfinished and Finished 
Specimens. 



%• Opinions of the Press. 

" Those who desire to attain skill in the art of painting woods and marbles will find advantage in 
consulting this book. . . . Some of the Working Men's Clubs should give their young men the 
opportunity to study it." — Builder. 

" A comprehensive guide to the art. The explanations of the processes, the manipulation and manage- 
ment of the colours, and the beautifully executed plates will not be the least valuable to the student who 
aims at making his work a faithful transcript of nature "—Building News. 

"Students and novices are fortunate who are able to become the possessors of to mailt a weri." — 

Architect. 

House Decoration. 

ELEMENTARY DECORATION: A Guide to the Simpler Forms of 
Everyday Art, as applied to the Interior and Exterior Decoration of Dwelling 
Houses, &c. By James W. Facey, Jun. With 68 Cute. i2mo, 2s. cloth limp. 
"A* a technical guide-book to the decorative painter it will be found reliable."— Building New. 

PRACTICAL HOUSE DECORATION: A Guide to the Art of Orna- 
mental Painting, the Arrangement of Colours in Apartments, and the principles of 
Decorative Design. With some Remarks upon the Nature and Properties of Pig- 
ments. By James William Facey, Author of " Elementary Decoration," &c 
With numerous Illustrations. i2rao, 2s. 6d. cloth limp. 

N.B. — The above Two Works together in One Vol., strongly fiaff-Sowtof, 
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Colour. 

A GRAMMAR OF COLOURING. Applied to Decorative Painting and 
the Arts. By Gborgk Field. New Edition, Revised, Enlarged, and adapted 
to the use of the Ornamental Painter and Designer, by Ellis A. Davidson. With 
New Coloured Diagrams and Engravings. i2mo, yt. 6d. cloth boards. 
" The book is a moil useful rtiumi of the properties of pigments." — Builder, 

House-Painting, Graining, etc. 

HOUSE-PAINTING, GRAINING, MA RBLING&*SI GN WRITING, 
A Practical Manual of. By Ellis A. Davidson. Fourth Edition. With Coloured 
Plates and Wood Engravings, tin.... 6s. cloth boards. 
" A mass of information, of use to the amateur and of value to the practical man."— Emrlisk Mttkamic. 
"Simply invaluable to the youngster entering upon this particular calling, and highly serviceable to 
the man who is practising it."— Furniture Gatette. 

Decorators, Receipts for. 

THE DECORATOR'S ASSISTANT; A Modern Guide to Decora- 
tive Artists and Amateurs, Painters. Writers, Gilders. &c- Containing upwards of 
600 Receipts, Rules and Instructions ; with a variety of Information for General 
Work connected with every Class of Interior and Exterior Decorations. Sec., 
I52 pp., crown 8vo, Ir. in wrapper. 
" Full of receipts of value to decorators, painters, gilders, Ac The book contain* the gut of larger 

treatises on colour and technical processes." — Bu ildine AVwx . 

" It would be difficult to meet with a wotk so lull of varied information 00 the painter's lit." 

— Building News. 

" We recommend the work to all who, whether for pleasure or profit, require a guide to decoration." 
—rtumbtramd Dtterntor. 

Moyr Smith on Interior Decoration, 

ORNAMENTAL INTERIORS, ANCIENT AND MODERN. 
By J. Moyr Smith. Supcr.roy. 8vo, with Thirty-Two Full- Page Plates and 
numerous smaller Illustrations, handsomely bound in cloth, gilt top, price ifb. 

[Just published. 

ts*" Ih "Ornamental Interiors " the designs of more than thirty artist-decorators 
and architects of high standing have hern illustrated. The book may therefore fairly claim 
to give a good general view of the works of the modern school of decoration, besides giving 
charaeteristic examples of earlier decorative arrangements. 

" Ornamental Interiors " gives a short account of the styles of Interior Decoration 
as practised by the Ancients in Egypt, Greece, Assyria, Rome, and Bytantium . This part 
is illustrated by charaeteristie designs. The main body of the work, however, is devoted 
to the illustration of the modern styles of Decorative Art, and many examples are given 
of decorative designs suitable for modern Dining- Rooms, Drawing- Rooms, Libraries, 
Staircases and Halls, Parlours, Studies, and Smoking- Rooms. The Decoration of Public 
Buildings is illustrated by views of the chief State Apartments in Buckingham Palace and 
Windsor Castle, the Salle de I^ys at Antwerp, the Salle des Manages at Brussels, and of 
other works which have distinctive features suitable for the purpose. 

Opinions of thb Press, 

" The book is well illustrated and handsomely got up, and contains some true criticism and a good 
many good examples of decorative treatment." — The Builder, 

We can greatly commend Mr. Moyr Smith's book, for it is the production ol one professedly 
capable in decorative work, and abounds with useful hints and descriptions of executed modem work, 
together with a well-put resume of ancient styles. . . . As much a book for the drawing-room as for 
the manufacturer." — The British Architect, 

" Well fitted for the dilettante, amateur, and professional designer."— Dictation. 

" Thb is the most elaborate and beautiful work on the artistic decoration of interiors thai we have 
seen, . . . The scrolls, panels, and other designs from the author's own pen are very beautiful and 
chaste ; but he takes care that the designs of other men shall figure even more than his own." — /. tvrr- 
f\xl A It ion. 

" To all who take an interest in elaborate domestic ornament this handsome volume will be 
welcome ." —Graf hie. 

" Mr. Moyr Smith deserves the thanks of art workers for having placed within their reach a book 
that seems eminently adapted to afford, by example and precept, that guidance of which roust craftsmen 

Stand in need."— Furniture Gazette. 

British and Foreign Marbles. 

MARBLE DECORA TION ana the Terminology of British and Foreign 
Marbles. A Handbook for Students, By GlORGX H. BLAGROVE. Author of 
" Shoring and its Application," &c With a8 Illustrations. Cr. 8vo, y. 6d. cloth. 

[_7.v / published. 
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DELAMOTTE'S WORKS ON ILLUMINATION AND ALPHABET8. 



A PRIMER OF THE ART OF ILLUMINATION, for the Use of 
Beginners : with a Rudimentary Treatise on the Art, Practical Directions for its 
exercise, and Examples taken from Illuminated MSS., printed in Gold and Colours. 
ByF. Delamotte. New and Cheaper Edition. Small 4to, 6s. ornamental boards. 

"The example* of ancient MSS. recommended to the student, which, with much good seme, the 
author chooses from collections accessible to ail, are selected with judgment and knowledge, as well as 
U*ta."—Athemrwm. 

ORNAMENTAL ALPHABETS, Ancient and Medieval, from the Eighth 
Century, with Numerals ; including Gothic, Church- Text, large and small, German, 
Italian, Arabesque, Initials for Illumination, Monograms, Crosses, &c. &c, for the 
use of Architectural and Engineering Draughtsmen, Missal Painters, Masons, 
Decorative Painters, Lithographers, Engravers, Carvers, &c. &c Collected and 
Engraved by F. Delamotte, and printed in Colours. New and Cheaper Edition. 
Royal 8vo, oblong, 2s. 6d. ornamental boards. 

" For those who insert enamelled sentences round gilded chalices, who blazon shop legends over shop- 
doors, who Jetter church walls with pithy sentences from the Decalogue, this book wUl be useful — 
Athtnaunu 

EXAMPLES OF MODERN ALPHABETS, Plain and Ornamental. 
including German, Old English, Saxon, Italic, Perspective, Greek, Hebrew, Court 
Hand, Engrossing, Tuscan, Riband, Gothic, Rustic, and Arabesque ; with several 
Original Designs, and an Analysis of the Roman and Old English Alphabets, large 
and small, and Numerals, for the use of Draughtsmen, Surveyors, Masons, Decora- 
tive Painters, Lithographers, Engravers, Carvers, &c. Collected and Engraved by 
F. Delamotte, and printed in Colours. New and Cheaper Edition. Royal 8vo, 
oblong, 2s. 6d. ornamental boards. 

''There is comprised in it every possible shape into which the letters of the alphabet and numeral* ear* 
be formed, and the talent which has been expended in the conception of the various plain and ornamental 
letters is wonderful." — Standard. 

MEDIAEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. G. Delamotte. Containing 21 Plates and IUuminated Title, 
printed in Gold and Colours. With an Introduction by J. Willis Brooks. 
Fourth and Cheaper Edition. Small 4to, 4s. ornamental boards. 

" A volume in which the letters of the alphabet come forth glorified in gilding and all the colours of 
the prism interwoven and intertwined and intermingled." — Sun. 

THE EMBROIDERER'S BOOK OF DESIGN. Containing Initials,. 
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesiastical Devices, 
Mediaeval and Modern Alphabets, and National Emblems. Collected by F. Dela- 
motte, and printed in Colours. Oblong royal 8vo, is. 6d. ornamental wrapper. 

" The book will be of great assistance to ladies and young children who are endowed with the art of 
plying the needle in this most ornamental and useful pretty work." — East Anglian Times. 



Wood Carving. 

INSTRUCTIONS IN WOOD-CARVING, for Amateurs; with Hints 
on Design. By A Lady. With Ten large Plates, 2s. 6d. in emblematic wrapper. 

"The handicraft of the wood-carver, so well as a book can impart it, may be learnt from 'A Lady's 
pubucation." — A thaueum. 

" The directions given are plain and easily understood."— English Mechanic. 

Glass Painting. 

GLASS STAINING AND THE ART OF PAINTING ON GLASS. 
From the German of Dr. Gessert and Emanuel Otto Fromberg. With an 
Appendix on The Art of Enamelling, izmo, 2s. 6d. cloth limp. 

Letter Painting. 

THE ART OF LETTER PAINTING MADE EASY. By Jamk* 
Greio Badenoch. With 12 full-page Engravings of Examples, is. cloth limp. 
" The system Is a simple ono, but quite original, and well worth the careful attention of letter 
painters. It can be easily mastered and remembered."— Birilditic Nnut. 
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CARPENTRY, TIMBER, etc. 



Tredgold's Carpentry, Revised and Enlarged by Tarn. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY ; A Treatise 
on the Pressure and Equilibrium of Timber Framing, the Resistance of Timber, 
and the Construction of Floors, Arches, Bridges, Roofs, Uniting Iron and Stone 
with Timber, &c. To which is added an Essay on the Nature and Properties of 
Timber, &c, with Descriptions of the kinds of Wood used in Building ; also 
numerous Tables of the Scantlings of Timber for different purposes, the Specific 
Gravities of Materials, &c. Bjr Thomas Trkdgold, C.E. With an Appendix 
of Specimens of Various Roofs of Iron and Stone, Illustrated. Seventh Edition, 
thoroughly revised and considerably enlarged by E. Wyndham Tarn, M.A., 
Author ol " The Science of Building," &c. With 6t Plates, Portrait of the Author, 
and several Woodcuts. In one large vol., 410, price l^s. cloth- 
"Ought to be in every architect's and every builder's library, "—Builder. 

" A work whose monumental excellence must commend il wherever s kilCut carpentry it concerned. 
The author's principles are rather confirmed than impaired by time. The additional plate* are of great 

intrinsic vaJue."— Building Newt. 

Woodworking Machinery. 

WOODWORKING MACHINERY: lis Rise, Progress and Construction. 
With Hints on the Management of Saw Mills and the Economical Conversion of 
Timher. Illustrated with Examples of Recent Designs by leading English, French, 
and American Engineers. By M. PoWts Bale, A.M. Inst, C.E. , M.I.M.E. Large 
crown 8vo, I2j, 6d, cloth, 
" Mr. Bale is evidently an expert on the subject, and he has collected so much information that his 
book is all-sufficient Tor builders and others engaged in the conversion of timber," — Architect. 

"The most comprehensive compendium of wood-working machinery wo have seen. The author is a 
thorough master of his subject-"— tinitHing Newt._ 

The appearance of this book at the present time will, we should think, give a considerable impe- 
tus 10 the onward march of the machinist engaged in the designing and manufacture of wood-working 
machines. It should be in the office of every wood-working factory.*' — English If tetanic. 

Saw Mills. 

SA W MILLS: Their Arrangement and Managenunt,and the Economical 
Conversion 9/ Timber, (A Companion Volume to " Woodworking Machinery.") 
By M. Powis Bale. With numerous Illustrations. Crown 8vo, ioj. 6J. cloth. 

" The administration of a large sawing establishment is discussed, and the subject examined from a 
financial standpoint. Hence the sue, shape, order, and disposition of saw-mi lis and the like are gone into 
in detail, and the course of the timber is traced from its reception to its delivery in its converted state. 
Wc could not desire a more complete or practical trcati«." — Builder. 

" We highly recommend Mr. Bale's work to the attention and perusal of all those who are engaged In 
the art of wood conversion, or who arc about building or rc modelling saw-mills on improved principles."— 
Building .Vto'#, 

Carpentering. 

7 HE CARPENTER'S NEW GUIDE; or, Book of Lines for Carpet., 
ters ; comprising all the Elementary Principles essential for acquiring a knowledge 
of Carpentry. Founded on the late Peter Nicholson's standard work. A New 
Kdilion, revised by Arthur Ashfitel, F.S.A. Together with Practical Rules 
on Drawing, by Georgk PynK. With 74 Plates, 4(0, £1 is, cloth, 

Handrailing. 

A PRACTICAL TREATISE ON HANDRAILING : Showing New 
and Simple Methods for Finding the Pitch of the Plank, Drawing the Moulds, 
Bevelling, Jointing-up, and Squaring the Wreath. By Georuh Collings. 
Illustrated wilh Plates and Diagrams. t2mo, ts. 6J. cloth limp. 

" Will be found of practical utility in the execution of this difficult branch of joinery.' —IlxiUrr, 
" Almost every difficult phase ol this somewhat intricate branch of joinery ii elucidated by the aid 
of plates and explanatory letterpress."— Furniturt GiisttU. 

Circular Work 

CIRCULAR WORK /A CARPENTRY AND JOINERY: A 
Practical Treatise on Circular Work of Single and Double Curvature. By George 
Collinos, Author of "A Practical Treatise on Handrailing.'' Illustrated with 
numerous Diagrams. izmo, is, GJ cloth limp. | >.<..' published. 

" An excellent example of what a book of this kind should be. Cheap In price, clear in. defowiicra 
and practical in the examples selected.' '—Builder. 
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Timber Merchant's Companion. 

THE TIMBER MERCHANT'S AND BUILDER'S COMPANION. 
Containing New and Copious Tables of the Reduced Weight and Measurement of 
Deals and Battens, of all sizes, from One to a Thousand Pieces, and the relative 
Price that each size bears per Lineal Foot to any given Price per Petersburgh Stan- 
dard Hundred ; the Price per Cube Foot of Square Timber to any given Price per 
Load of 50 Feet ; the proportionate Value of Deals and Battens by the Standard, to 
Square Timber by the Load of 50 Feet ; the readiest mode of ascertaining the Price 
of Scantling per Lineal Foot of any size, to any given Figure per Cube Foot, &c Ac 
By William Dowsing. Fourth Edition, Revised and Corrected. Cr. 8vo, y. doth. 
" E veryt hing U a* concise and clear as it can possibly be nude. There can be no doubt that every 

timber merchant and builder ought to possess it.'*— Hull A dver titer. 

" We are glad to see a fourth edition of these admirable table*, which for correctness and simplicity of 

arrangement leave nothing to be desired." — Timber Trades Journal. 

An exceedingly wen-arranged, clear, and concise manual of tables for the use of all who buy or sell 

timber." — Journal 0/ Forestry. 

Practical Timber Merchant 

THE PRACTICAL TIMBER MERCHANT; Being a Guide for the use 
of Building Contractors, Surveyors, Builders, &c, comprising useful Tables for all 
purposes connected with the Timber Trade, Marks of Wood, Essay on the Strength 
of Timber, Remarks on the Growth of Timber, &c. By W. Richardson. Fcap. 
8vo, y. 6d. cloth. 

"This handy manual contains much valuable information for the use of timber merchants, builders, 
orestert, and all others connected with the growth, sale, and manufacture of timber ." — 7»»™/ of Pores try. 

Timber Freight Book. 

THE TIMBER MERCHANT'S, SAW MILLER'S, AND IM- 
PORTER'S FREIGHT BOOK AND ASSISTANT. Comprising Rules, 
Tables, and Memoranda relating to the Timber Trade. By William Richardson, 
Timber Broker ; together with a Chapter on Speeds op Saw Mill Machinery, 
by M. Powis Bale, M.I.M.E., &c. i2rao, y. 6d. cloth boards. 
" A very useful manual of rules, tables, and memoranda, relating to the timber trade. We recom- 
mend it as a compendium of calculation to all timber measurers and merchants, and as supplying a real 
want in the trade. — Building Hems. 

PaoktngCase Makers, Tables for. 

PACKING-CASE TABLES; showing the number of Superficial Feet 
in Boxes or Packing-Cases, from six inches square and upwards. By W. Richard- 
son, Timber Broker. Second Edition. Oblong dto, 3*. 6d. cloth. 
" Invaluable labour-saving tables."— Ironmonger. " Will save much labour and calculation." — Grocer. 

Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEASURE- 
MENT.. Tables calculated from 1 to 200 inches in length, by 1 to 108 inches in 
breadth. Far the use of Architects, Surveyors, Engineers, Timber Merchants, Builders, 
&c. By James Hawkings. Third Edition. Foolscap, y. 6d. cloth. 
"A useful collection of tables to facilitate rapid calculation of surfaces. The exact area of any 
surface of which the limits have been ascertained can be instantly determined. The book will, be found 
of the greatest utility to all engaged in building operations." — Scotsman. 

" These tables will be found of great assistance to all who require to make calculations in superficial 
measurement." — English Mechanic. 

Forestry. 

THE ELEMENTS OF FORESTRY. Designed to afford Information 
concerning the Planting and Care of Forest Trees for Ornament or Profit, with 
suggestions upon the Creation and Care of Woodlands. By F. B. Hough. Large 
crown 8vo, io*. cloth. 

Timber Importer's Quids. 

THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, AND 
BUILDER'S STANDARD GUIDE. By Richard E. Grandy. Compris- 
ing:— An Analysis of Deal Standards, Home and Foreign, with Comparative 
Values and Tabular Arrangements for fixing Nett Landed Cost on Baltic and 
North American Deals, including all intermediate Expenses, Freight, Insurance, 
&c. &c ; together with copious Information for the Retailer and Builder. Second 
Edition, carefully revised and corrected. i2u\o, y . 6d. cloth boards. 

"Everything it pretends to be : buttt up gradus&y ,\\Veao* torn. vtatesxxnt.xxma^vc&.'&wiwi. 
in, as a make weight, a host of material concerning. \md« , coVimt* , c'wxcro*. — K»«3i»k M tduowc . 
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NAVAL ARCHITECTURE, NAVIGATION, etc. 
Chain Cables. 

CHAIN CABLES AND CHAINS. Comprising Sizes and Curves ot 
Link*, Studs, &c. Iron for Cables and Chains, Chain Cable and Chain Making, 
Forming and Welding Links, Strength of Cables and Chains, Certificates for 
Cables, Marking Cables, Prices of Chain Cables and Chains, Historical Notes, 
Acts of Parliament, Statutory Tests, Charges for Testing, List of Manufacturers of 
Cables, ftc, &c. By Thomas W. Traill, F.E.R.N., M.InstC.E., Engineer- 
Surveyor-in-Chief, Board of Trade, Inspector of Chain Cable and Anchor Proving 
Establishments, and General Superintendent, Lloyd's Committee on Proving 
Establishments. With numerous Tables, Illustrations, and Lithographic Drawings. 
Folio, C* cloth, bevelled boards. 

" The author writes not only with a full acquaintance with scientific formula! and detail*, but alto 
with a profound and fully-instructed sens* of the importance to the safety i our ships and tailors ..f 
fidelity in the manufacture of cables. We heartily recommend the book (o the specialists to whom it U 
addrcated."— Athtiumn. 

" The business of chain cable making it well explained and illustrated. We can safely recommend 
this work to all in any way connected with the manufacture of chain cables and chains, ai a good book."' 
Nature. 

" It contains a vast amount of valuable information. Nothing seem: to be wauling |o make it a com- 
plete and standard work of reference on the subject." — HAMticmi Magazine. 

Pocket-Book for Naual Architects and Shipbuilders. 

THE NA VAL ARCHITECT'S AND SHIPBUILDER'S POCKET- 
BOOK of Formula, Rules, and TabUs, and MARINE ENGINEER 'S AND 
SURVEYOR'S Handy Boot oj Reference. By Clement M ackrow, Mcmhcrof 
the Institution of Naval Architects. Naval Draughtsman. Third Edition, Revi>ol, 
With numerous Diagrams, &c. Fcap., 1 2J. 6J., strongly bound in leather. 
"Should be used by all who are engaged in the construction or design of vessel- . . . Will be 

found to contain the most utcful Cables aud formula: required by shipbuilders, carefully collected from 

the best authorities, and put together in a popular and simple form'SHgiHeer. 

" The professional shipbuilder has now, in a convenient and accessible form, reliable datt for solving 

many of the numerous problems thai present themselves in the course of his work. 1 ' — Iron. 

There is scarcely a subject on which a naval architect or shipbuilder can remi ire 10 refresh his 

memory which will not be found within the covers of Mr. M ackrow' s book." — Engtitn Mechanic 

Pochet-Book for Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FORMULAE FOR 
MARINE ENGINEERS. Ily Frank Proctor, A.I.N.A. Third Edition. 
Royal 32mo, leather, gilt edges, with strap, 4/. 

" We recommend it to our readers as goine far to supply a long-felt want." — iV/tr/i/ Science. 
" A most useful companion to all marine engineers,"— United Service Otiutle. 

Lighthouses. 

EUROPEAN LIGHTHOUSE SYSTEMS Being a Report of a Tour 
of Inspection mock- in 1873. By Major GEORGE H. IiLLuiT, Coqwof Engineers, 
U.S.A. Illustrated by 51 Engravings and 31 Woodcuts. 8vo, 21s. cloth. 



V The ftrllmvmg art puMukcd in Wkale's Rudimrntarv Series. 

MASTING, MAST-MAKING, AND RIGGING OF SHIPS. By 
Robert Kipping, N.A. Fifteenth Edition. i2mo, 2s. 6J. cloth boards. 

SAILS AND SAIL-MAKING. Eleventh Edition, Enlarged, with an Appen- 
dix liy Robert Kipping, N.A. Illustrated, i2mo, 3*. cloth boards. 

NAVAL ARCHITECTURE. By James Peaks. Fifth Edition, with 
Plates and Diagrams, tamo. a*, cloth boards, 

MARINE ENGINES AND STEAM VESSELS [A Treatise en). By 
Robert Murray, C.E., Principal Officer to the Hoard of Trade for the East 
Coast of Scotland District. Eighth Edition, thoroughly Revised, with considerable 
Additions by the Author and by George Carlisle, C.E., Senior Surveyor to the 
Board of Trade at Liverpool. l2mo, 5*. cloth boards. 

PRACTICAL NAVIGATION. Consisting of the Sailor's Sea-Book, by 
James Greenwood and W. II. Rosser j together with the requisite Mathe- 
matical and Nautical Tables for the Working of the Problems, by Henry Law, 
C.E., and Professor J. R. Young, W\as\iaV«L \a\nra, !».., a\<ot^\^^*»s^- 
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MINING AND MINING INDUSTRIES. 



Metalliferous Mining. 

BRITISH MINING : A Treatise on the History, Discovery, Practical 
Development, and Future Prospects of Metalliferous Mines in the United Kingdom. 
By Robert Hunt, F.R.S., Keeper of Mining Records ; Editor of " Ure's Dic- 
tionary of Arts, Manufactures, and Mines," &c. Upwards of 950 pp., with 230 
Illustrations. Second Edition, Revised. Super-royal 8vo, £2 zs. cloth. 

{Just published. 

%• Opinions of the Press. 

" One of the most valuable works of reference of modern times. Mr. Hunt, as Keeper of Mining 
Records of the United Kingdom, has had opportunities for such a task not enjoyed by anyone else, and 
has evidently made the most of them. . . . The language and style adopted are good, and the treat- 
ment of the various subjects laborious, conscientious, and scientific. — Engineering. 

" Probably no one in this country was better qualified than Mr. Hunt for undertaking such a work. 
Brought into frequent and close association during a long life-time with the principal guardians of our 
mineral and metallurgical industries, he enjoyed a position exceptionally favourable for collecting the 
necessary information. The use which he has made of his opportunities is sufficiently attested by the 
dense mass of information crowded into the handsome volume which has just been published. . . . 
In placing before the reader a sketch of the present position of British Mining, Mr. Hunt treats his sub- 
ject so fully and illustrates it so amply that this section really forms a little treatise on practical mining. 
. . . The book is, in fact, a treasure-house of statistical information on mining subjects, and we know 
of no other work embodying so great a mass of matter of this kind. Were this the only merit of Mr. 
Hunt's volume it would be sufficient to tender it indispensable in the library of everyone interested in the 
development of the mining and metallurgical industries of this country." — Atheneeum. 

" A mass of information not elsewhere available, and of the greatest value to those who may be in- 
terested in our great mineral industries."— Engineer. 

" A sound, business-like collection of interesting facts The amount of information Mr. 

Hunt has brought together is enormous. . . . The volume appears likely to convey more instruction 
upon the subject than any work hitherto published." — Mining Journal. 

"The work will be for the mining industry what Dr. Percy's celebrated treatise has been for the 
metallurgical — a book that cannot with advantage be omitted from the library." — Iron and Coal Trades 

"The volume is massive and exhaustive, and the high intellectual powers and patient persistent 
application which characterise the author have evidently been brought into play in its production. Its 
contents are invaluable."— Colliery Guardian. 

"The literature of mining has hitherto possessed no work approaching in importance to that which 
has just been published. There is much in Mr. Hunt's valuable work that every shareholder in a mine 
should read with close attention. The entire subject of practical mining — from the first search for the lode 
to the latest stages of dressing the ore — is dealt with in a masterly manner." — Academy. 

Coal and Iron. 

THE COAL AND IRON INDUSTRIES OF THE UNITED 
KINGDOM. Comprising a Description of the Coal Fields, and of the Principal 
Seams of Coal, with Returns of their Produce and its Distribution, and Analyses of 
Special Varieties. Also, an Account of the occurrence of Iron Ores in Veins or 
Seams ; Analyses of each Variety ; and a History of the Rise and Progress of Pig 
Iron Manufacture since the year 1740, exhibiting the Economies introduced in the 
Blast Furnaces for its Production and Improvement. By Richard Meade, Assist- 
ant Keeper of Mining Records. With Maps of the Coal Fields and Ironstone 
Deposits of the United Kingdom. 8vo, ^1 81, cloth. 
" The book is one which must find a place on the shelves of all interested in coal and Iron production 

and in the iron, steel, and other metallurgical industries." — Engineer. 

" Of this book we may unreservedly say that it is the best of its class which we have ever met. . . . 

A book of reference which no one engaged in the iion or coal trades should omit from his library." Iron 

and Coal Trades' Review. 

"An exhaustive treatise and a valuable work of reference." — Mining Journal. 

Prospecting for Gold and other Metals. 

THE PROSPECTOR'S HANDBOOK: A Guide for the Prospector 
and Traveller in Search of Metal-Bearing or other Valuable Minerals. By J. W. 
Anderson, M.A. (Camb.), F.R.G.S., Author of "Fiji and New Caledonia. 
Third Edition, Revised, with Additions. Small crown 8vo, 3s . 6d. cloth. 

[Just published. 

" Will supply a much felt want, especially among Colonists, in whose way are so often thrown many 
mineral ogica I specimens the value of which it is difficult for anyone, not a specialist, to determine. The 
author has placed his instructions before his readers in the plainest possible terms, and his book is the 
best of its kind."— Engineer. 

" How to find commercial minerals, and how to identify them when they aref ound, are the leading 
points to which attention is directed. The author has managed to pack as much practical detail into bis 
page* as would supply material for a book three times W» six*."— MMnt Journal. 
"Thote toilers who explore the trodden or unttodAen ttstYa CAfeftbmeJl %\&* 
that is useful to them in this book." — A tkenaum. 



MINING AND MINING INDUSTRIES. 



Mining Notes and Formula. 

NOTES AND FORMULA? FOR MINING STUDENTS. By JOHN 
Herman Merivale, M.A., Certificated Colliery Manager, Professor of Mining in 
the Durham College of Science, Newcastle-upon-Tyne. Second Edition, carefully 
Revised. Small crown 8vo, cloth, price 2s. 6d. Vf* 11 published. 

IS" This book consists of a collection of notes and formula: drawn from various 
sources, the authority being quoted in' most instances. It is hoped that the work will be 
useful, not only to students but to the profession. 

The principal sources of information upon mining matters are the Transactions oj 
the various Engituering Societies to which the student, in most of our large towns, has 
access. A great many references to the most familiar of them are given, so that the 
student who wishes to follow up a subject may be in a position to acquaint himself with 
details which could not be included in a work Uke this. 

The examples of the me of the formula:, at the end of the book, are merely given to 
assist students working without a teacher. 

" Invaluable to anyone who is working up for an examination on mining subject*." — Coat and Iron 
T radii Re sin v. 

" The author has done his work in an exceedingly creditable manner, and has produced a book 
that will be of service to students, and those who are practically engaged in mining operations."— 
engineer. 

" A vast amount of technical matter of the utmost value to mining engineers, and of considerable 
interest to students-" — Schoolmaster. 

mineral Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER'S COMPLETE 
GUIDE, comprising a Treatise on Improved Mining Surveying and the Valuation 
of Mining Properties, with New Traverse Tables. By Wm. Lint«rn, Mining and 
Civil Engineer. Second Edition, with an Appendix on " Magnetic and Angular 
Surveying," with Records of the Peculiarities of Needle Disturbances. With Four 
Plates of Diagrams, Plans, &c i2mo, 4*. cloth. [Just published. 

"An enormous fund of information of great value." — Mining Journal. 

" Mr. Lintern's book forms a valuable and thoroughly trustworthy guide." — /ran and Coal Trades 
Review. 

" This new edition must be of the highest value to colliery surveyors, proprietors and managers." 
Colliery Guardian. 

Metalliferous Minerals and Mining. 

TREA TISE ON METALLIFEROUS MINERALS AND MINING. 
By D. C. Davies, F.G.S., Mining Engineer, &c, Author of " A Treatise on Slate 
and Slate Quarrying." Illustrated with numerous Wood Engravings. Fourth 
Edition, carefully revised. Crown 8vo, 12s. 6d. cloth. 

" Neither the practical miner nor the general reader, interested in mines, can have a better book for 
his companion and his guide."— Mining Journal. 

"The volume is one which no student of mineralogy should be without." — Colliery Guardian. 

"We axe doing our readers a service in calling their attention to this valuable work." — Mining World. 

" A book that will not only be useful to the geologist, the practical miner, and the metallurgist ; but 
also very interesting to the general public."— Iron. 

" As a history of the present state of mining throughout the world this book has a real value, and it 
supplies an actual want, for no such information has hitherto been brought together within such limited 
space."— A thenaum. 

Earthy Minerals and Mining. 

A TREATISE ON EARTHY AND OTHER MINERALS, AND 
MINING. By D. C. Davies, F.G.S. Uniform with, and forming a Companion 
Volume to, the same Author's "Metalliferous Minerals and Mining." With 76 
Wood Engravings. Second Edition. Crown 8vo, 12s. 6d. cloth. 

" It is essentially a practical work, intended primarily for the use of practical men. . . : We do 
not remember to have met with any English work on mining matters that contains the same amount of 
information packed in equally convenient form," — Academy. 

" The book is clearly the result of many years' careful work and thought, and wo should be inclined 
to rank it as among the very best of the bandy technical and trades ■""»■'!, which have recently 
appeared." — British Quarterly Review. 

"The volume contains a great mass ot practical information, carefully methodised and presented in 
a very intelligible shape."— Scotsman. 

" The subject matter of the volume will be found of high value by all — and they are a numerous 
class— who trade in earthy minerals."— ..4 thenaum. 
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Underground Pumping Machinery. 

MINE DRAIN A GE : Being a Complete and Practical Treatise on Direct- 
Acling Underground Steam Pumping Machinery, with a Description of a large 
number of the best known Engines, their General Utility and the Special Sphere of 
their Action, the Mode of their Application, and their merits compared with other 
forms of Pumping Machinery. By STEPHEN MiCHBLL. 8vo, l$s. cloth. 
" Will be highly esteemed by colliery owners and lessees, mining engineers.! and students generally 
who require to be acquainted with the best means of securing the drainage of mines. It is a moat valu- 
able work, and stands almost alone in the literature of steam pumping machinery."— CoUitry Guardian, 
" Much valuable information is given, so that the book is thoroughly worthy of an extensive circu- 
lation amongst practical men and purchasers of machinery." — Mining Journal. 

Mining Tools. 

A MANUAL OF MINING TOOLS. For the Use of Mine Managers, 
Agents, Students, &c. By William Morgans, Lecturer on Practical Mining at 
the Bristol School of Mines. i2mo, jr. cloth boards. 

ATLAS OF ENGRAVINGS to Illustrate the above, containing 235 
Illustrations of Mining Tools, drawn to scale. 410, 4s. 6d. cloth. 

" Students in the science of mining, and overmen, captains, managers, and viewers may gain 
practical knowledge and useful hints by the study of Mr. Morgans' manual?'— CoUitry Guardian. 

" A valuable work, which will tend materially to improve our mining literature." — Mining Journal. 

Coal Mining. 

COAL AND COAL MINING: A Rudimentary Treatise on. By Sir 
Warington W. Smyth, M. A., F.R.S., &c, Chief Inspector of the Mines of the 
Crown. New Edition, Revised and Corrected. With numerous Illustrations, izmo, 

4x. cloth boards. 

" As an outline is given of every known coal-field in this and other countries, as well as of the principal 
methods of working, the book will doubtless interest a very large number of readers." — Miming Journal, 

Subterraneous Surveying. 

SUBTERRANEOUS SURVEYING, Elementary and Practical Treatise 
on : with and without the Magnetic Needle. By Thomas Fenwick, Surveyor of 
Mines, and Thomas Baker, C.E. Illustrated. iamo, jr. cloth boards. 



NATURAL AND APPLIED SCIENCE. 

Text-Book of Electricity. ~ 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY. By HENRY 
M. Noad, Ph.D., F.R.S., F.C.S. New Edition, carefully Revised. With an 
Introduction and Additional Chapters, by W. H. Preecb, M.I.C.E., Vice-President 
of the Society of Telegraph Engineers, &c. With 470 Illustrations. Crown 8vo, 
\2s. 6d. cloth. 

" The original plan of this book has been carefiiUy adhered to so as to make it a reflex of the existing 
s tat e of electrical science, adapted for students. . . . Discovery seems to have progressed with marvellous 
strides ; nevertheless it has now apparently ceased, and practical applications have commenced their 
career ; and it is to give a faithful account of these that this fresh edition of Dr. Noad's valuable text- 
book is launched forth." — Extract from Introduction by W. H. Prtect, Esq. 

"We can recommend Dr. Noad's book for clear style, great range of subject, a good index, and a 
plethora of woodcuts. Such collections as the present are indispensable." — Atkrnttum. 

" An admirable text-book for every student— beginner or advanced— of electricity." — Engineering. 

"Dr. Noad's text-book has earned for itself the reputation of a .truly scientific manual for the 
student of electricity, and we gladly hail this new amended edition, which brings it once more to the 
front. Mr. Preece as reviser, with the assistance of Mr. H . R. Kempe and Mr. J. P. Edwards, has added 
all the practical results of recent invention and research to the admirable theoretical expositions of the 
author, so that the book is about as complete and advanced as it is possible for any book to be, within 
the limits of a text-book."— Telegraphic Journal. 

Electricity. 

A MANUAL OF ELECTRICITY ; including Galvanism, Magnetism, 
Dia- Magnetism, EUctro-Dyttamics, Magna-Electrieity, and the Electric Telegraph. 
By Henry M. Noad, Ph.D., F.R.S., F.C.S. Fourth Edition. With 500 Woodcuts. 
8vo, j£i 4f. cloth. 

"The accounts given of electricity and galvanism are not only complete in a scientific sense, bat 
Which is a rarer thing, are popular and inutesunst."— Lancet. 

"hi* worthy oft place in the library ot ever, pMfe u^*W'-Mbu»c-J<mr«*^ 
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Electrio Light. 

ELECTRIC LIGHT: Its Production and Use. Embodying Plain Directions 
for the Treatment of Voltaic Batteries, Electric Lamps, and Dynamo-Electric Ma- 
chines. By J. W. Urquhart, C.E., Author of "Electroplating: A Practical 
Handbook." Edited by F. C. Wkbb, M.I.CE, M.S.T.E. Second Edition, 
revised, with large Additions and 128 Illustrations, "js. 6J. cloth. 
"The book U by far the best that we hare yet met with on the subject."— Athewrum. 
" It U the only work at present available, which gives in language intelligible for the most part to 
the ordinary reader, a general but concise history of the means which have been adopted up to the 
present time in producing the electric light." — Mefrv/elitan. 

"The book contains a general account of the means adopted in producing the electric light, not 
Only as obtained from voltaic or galvanic batteries, but treats at length of the dynamo-electric machine in 
several of its forms. "— Collitty Guardian. 

Electric Lighting. 

THE ELEMENTARY PRINCIPLES OF ELECTRIC-LIGHTING. 
By Alan A. Campbell Swinton, Associate S.T.E. Crown 8vo, is. 6*f". 
cloth. 

"Anyone who desires a short and thoroughly clear exposition of the elementary principles of 
electric-lighting cannot do better than read this little work " — Bradford Oisrrvrr. 

Dr. Lardner'8 School Handbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. LARDNER. 
328 Illustrations. Sixth Edition. One Vol., y. 6d. cloth. 
"A very convenient class-book for junior students in private schools. It is intended to convey, in 
dear and precise terms, general notions of all the principal divisions of Physical Science."— Brilith 
Quarterly Review. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Lardnkr. With 
190 Illustrations. Second Edition. One Vol., y. 6d. cloth. 
" Clearly written, well arranged, and excellently illustrated."— Ga rdener'i Chronicle. 

Dr. Lardner's Electrio Telegraph. 

THE ELECTRIC TELEGRAPH. By Dr. Lardner. Revised and 
Re-written by E. B. Bright, F.R.A.S. 140 Illustrations. Small 8vo, 2s. 6d. cloth. 
"One of the most readable books extant on the Electric Telegraph."— Englith Mechanic. 

Storms. 

STORMS: Their Nature, Classification, and Laws; with the Means of 
Predicting them by their Embodiments, the Clouds. By William Blasios. With 
Coloured Plates and numerous Wood Engravings. Crown 8vo, lor. 6d. cloth. 
" A very readable book. . . . The fresh facts contained in its pages, collected with evident ctra, 
form a useful repository to meteorologists in the study of atmospherical disturbances. . . . The book 
will repay perusal as being the production of one whj gives evidence of acute observation." — Nature. 

The Blowpipe. 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, AND 
GEOLOGY. Containing all known Methods of Anhydrous Analysis, many Work- 
ing Examples, and Instructions for Making Apparatus. By Lieut. -Colonel W. A. 
Ross, R.A., F.G.S. With 120 Illustrations. Cr. 8vo, y. 6d. cloth. 
"The student who goes conscientiously through the course of experimentation here laid down will 
gain a better insight into inorganic chemistry and mineralogy than if he had 'got up ' any of the best 
text-books of the day, and passed any number of examinations in their contents."— Chemical Neva. 

The Military Sciences. 

AIDE-MEMOIRE TO THE MILITARY SCIENCES. Framed 
from Contributions of Officers and others connected with the different Services. 
Originally edited by a Committee of the Corps of Royal Engineers. Second 
Edition, most carefully revised by an Officer of the Corps, with many Additions ; 
containing nearly 350 Engravings and many hundred Woodcuts. Three Vols., royal 
8vo, extra cloth boards, and lettered, £4 10s. 
"A compendious encyclopaedia of military knowledge, to which we are greatly indexed."— Edin- 
burgh Review. 

"The most comprehensive work of reference to the military and collateral sciences."— Volun tier 
Service Gazette. 

Field Fortification. 

A TREATISE ON FIELD FORTIFICATION, THE ATTACK 
OF FORTRESSES, MILITARY MINING, AND RECONNOITRING. 
By Colonel I. S. MaCAOLay, late Professor of Fortification in the R.M.A., Wool- 
wich. Sixth Edition, crown 8vo, cloth, with separate Atlas of 12 Plates, tar. 
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Temperaments. 

OUR TEMPERAMENTS, THEIR STUDY AND THEIR 
TEACHING. A Popular Outline. By Alexander Stewart, F.R.C.S. 
Edin. In one large 8vo volume, with 30 Illustrations, including a Selection 
from Lodge's " Historical Portraits," showing the Chief Forms of Faces. Price 15*. 
cloth, gilt top. 

Contents. 

Chap. I. Preliminary.— II. General View of the —VIII. Modification of the Temperament.— IX. 



The Org am of the Temperament*.— X. The Tem- 
perament* available in Education. — XI. The 
Choice of a Profession.— XII. The Promotion of 
Health. -XIII. The Use of the Word Tempera- 
ment-— XIV. Word, Biographic, or Tcmpcramcal 
Portraiture. 



Temperaments.— III. The Temperaments and 
Mind.— IV. Scheme of the rour Pure Tem- 
perament*.— A Methodical Arrangement of their 
Physical and Mental Characteristic*.— V. Obser- 
vationt on the Scheme.— VI. The Nervous Tem- 
perament.— VI I. The Compound Temperament*. 

" The book is exceedingly interesting, even for those who are not systematic students of anthropology. 
... To those who think the proper ktudy of mankind is man, it will be full of attraction.'' — Deufy 
TeUgrafh, 

" The author's object i* to enable a student to read a man's temperament in his aspect. The work 
is well adapted to its end. It is worthy of the attention of students of human nature.''— Scttimca. 

"The volume is heavy to hold, but light to read. Though the author has treated his subject ex- 
haustively, he writes iu a popular and pleasant manner that renders it attractive to the general reader." — 
Punch. 

Pneumatics and Acoustics. 

PNEUMATICS : including Acoustics and The Phenomena of Wind 
Currents, for the Use of Beginners. By Charles Tomlinson, F.R.S., F.C.S., 
&c Fourth Edition Enlarged. With Numerous illustrations. i2mo, is. bd. cloth. 

[just published. 

" Beginners in the study of this important application of science could not have a better manual ."— 
Sceltman. 

" A valuable and suitable text book for student* of Acoustics and the Phenomena of Wind Currents. 

Schoolmaster. 

Conchology. 

A MANUAL OF THE MOLLUSC A : Being a Treatise on Recent and 
Fossil Shells. By S. P. Woodward, A.L.S., F.G.S., late Assistant Palaeontologist 
in the British Museum. Fifth Edition. With an Appendix on Recent and Fossil 
Conchological Discoveries by Ralph Tate, A.L.S., F.G.S. Illustrated by 
A. N. Waterhouse and Joseph Wilson Lowry. With 23 Plates and upwards 
of 300 Woodcuts. Crown 8vo. 7s. 6d. cloth boards. 

" A most valuable storehouse of conchological and geological information .*" — Science Gesti/. 

Astronomy. 

ASTRONOMY. By the late Rev. Robert Main, M.A., F.R.S., formerly 
Radcliffc Observer at Oxford. Third Edition, Revised and Corrected to the present 
Time, by William Thynne Lynn, B.A., F.R.A.S., formerly of the Royal 
Observatory, Greenwich. i2mo, 2s. cloth limp. 

"A sound and simple treatise, very carefully edited, and a capital book for beginners."— Kmnultdgt. 
" Accurately brought down to the requiremeuti ol the present time by Mr. Lynn.' —Educational Timet. 

Geology. 

RUDIMENTARY TREATISE ON GEOLOGY, PHYSICAL AND 
HISTORICAL. Consisting of " Physical Geology," which sets forth the Leading 
Principles of the Science ; and " Historical Geology," which treats of the Mineral 
and Organic Conditions of the Earth at each successive epoch, especial reference 
being made to the British Series of Rocks. By Ralph Tate, A.L.S., F.G.S., 
&c. &c. With 250 Illustrations. l2mo, 5*- cloth boards. 
" The fulneis of the matter has elevated the book into a manual Its information is ex hau s tive and 
well arranged."— School Board Chronicle. 

Geology and Genesis. 

THE TWIN RECORDS OF CREATION; or, Geology and Genesis, 
their Perfect Harmony and Wonderful Concord. By GEORGE W. VICTOR LE Vaux. 
Numerous Illustrations. Fcap. 8vo, $ s - cloth. 

A valuable contribution to the evidences of Revelation, and disposes very conclusively of the argu> 

God's Word. No real difficulty is shirked, and no 



ments of those who would set God's Works against 
'listry i* left unexposed."— /"** Rrch. 
" The remarkable peculiarity of thU author is that he combines an unbounded admiration of 



sophistry is left unexposed."— The Rrch. 

" The remarkable peculiarity of thU i 
with an unbounded admiration of the Written record. 1 he two impulses are baLtuced to a nicety : and 



the consequence is that difficulties which to mmds, Veu cncuIi v<"»cd would be serious find immediate 
tolutiou* of the happi.st kinds." — Lotutn Review. 
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DR. LARDNER'S HANDBOOKS OF NATURAL PHILOSOPHY. 

THE HANDBOOK OF MECHANICS. Enlarged and almost re- 
written by Benjamin Loewy, F.R.A.S. With 378 111 nitrations. Post Svo, 6;. 
cloth. 

"The perspicuity of the original has been retained, and chapters which had become obsolete have- 
been replaced by others of more modern character. The explanations throughout are studiously popular, 
and care has been taken to show the application of the various branches of physics to the industrial arts* 
and 10 the practical business of life." — Mining Journal. 

" Mr. Loewy hat carefully revised the book, and brought it up to modern requirements." — Nature: 
" Natural philosophy has had few exponents more able or better skilled in the art of popularising the 
subject than Dr. Lardner : and Mr. Loewy is doing good service in fitting this treatise, and the others- 
of the aeries, for use at the present time."— Scotsman. 

THE HANDBOOK OF HYDROSTATICS AND PNEUMATICS. 
New Edition, Revised and Enlarged by Benjamin Loewy, F.R. A.S. With 2361 
Illustrations. Post 8?o, 5/. doth. 

" For those ' who desire to attain an accurate knowledge of physical science without the profound 
methods of mathematical investigation,' this work is not merely intended, but well adapted."— CktmicaT 
Newt. 

"The volume before us has been carefully edited, augmented to nearly twice the bulk of the former 
edition, and all the most recent matter has been added. . . . It is a valuable text-book."— Natta-t. 

" Candidates for pass examinations will find it, we think, specially suited to their requirements-"— 
Entlitk Mtckanic. 

THE HANDBOOK OF HEA T. Edited and almost entirely re-written, 
by Benjamin Loewy, F.R.A.S., &c. 117 Illustrations. Post 8vo, 6s. doth. 

"The style it always clear and precise, and conveys instruction without leaving any cloudiness or 
lurking doubts bthad.—£mgi*erriiif. 

" A most exhaustive book on the subject on which it treats, and is so arranged that it can be under- 
stood by all who desire to attain an accurate knowledge of physical science. . . . Mr. Loewy has 
included all the latest discoveries in the varied laws and e Recti of heat."— Standard. 

" A complete and handy text-book for the use of students and general readers. " — EnglUk Mtckanic. 

THE HANDBOOK OF OPTICS. By DlOKYSlUS Lardner, D.C.L... 
formerly Professor of Natural Philosophy and Astronomy in University College, 
London. New Edition. Edited by T. Olver Harding, B. A. Lond., of University 
College, London. With 298 Illustrations. Small 8vo, 448 pages, £r. cloth. 

"Written by one of the ablest English scientific writers, beautifully and elaborately illustrated.'*' 
-Mechanist Ma t aaint. 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, AND 
ACOUSTICS. By Dr. Lardner. Ninth Thousand. Edited by Geo. Carey 
Foster, B.A., F.CS. With 400 Illustrations. Small 8vo, $s. doth. 

"The book could not have been entrusted to anyone better calculated 10 preserve the terse and) 
lucid style of Lardner, while correcting his errors and bringing up his work to the present state of 
scientific knowledge."— Popular Sci.nct Rtvirtv. 

%• The above five volumes, though each is Complete in itself, form A Complete. 
Course ok Natural Philosophy. 



Dr. Lardner'8 Handbook of Astronomy. 

THE HANDBOOK OF ASTRONOMY. Forming a Companion to» 
the "Handbook of Natural Philosophy." By Dionysius Lardner, D.C.L., 
formerly Professor of Natural Philosophy and Astronomy in University College, 
London. Fourth Edition. Revised and Edited by Edwin Dunkin, F.R. A.S. , 
Royal Observatory, Greenwich. With 38 Plates and upwards of 100 Woodcuts. 
Iu One VoL, small 8 vo, 550 pages, oj. 6J. doth. 

" Probably no other book contains the same amount of information in to compendious and well- 
arranged a form — certainly none at the price at which this is offered to the public"— Athtnaxm. 

" We can do no other than pronounce this work a most valuable manual of astronomy, and we 
strongly recommend it to all who wish to acquire a general — but at the same time correct— acq u a int a nc e 
with this sublime science." — Quarterly Jtnmal tf Science. 

" One of the most deservedly popular books on the subject . . . We would recommend not only 
the student of the elementary principles of the science, but him who aims at mastering the higher and 
msihrmstical branches of astronomy, not to Be without this work beside him.'*— Practical Mataaiat. 
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DR. LARDNER'S MUSEUM OF SCIENCE AND ART. 

THE MUSEUM OF SCIENCE AND ART. Edited by DlONYSIUS 
Lardner, D.C.L., formerly Professor of Natural Philosophy and Astronomy in 
University College, London. With upwards of 1,200 Engravings on Wood. In 6 
double volumes, £1 is., in a new and elegant cloth binding; or handsomely 
bound in half morocco, 31;. 6d. 

Contents. 



The Planets : Are they Inhabited Worlds 1 — 
Weather Prognostics — Popular Fallacies in Ques- 
tions of Physical Science— Latitudes and Longi- 
tudes — Lunar Influences — Meteoric Stones and 
Shooting Stars — Railway Accidents — Light — Com- 
mon Things : Air — Locomotion in the United 
States — Cometary Influences — Common Things : 
Water— The Potter's Art— Common Things : Fire 
— Locomotion and Transport, their Influence and 
Progress — The Moon — Common Things: The 
Earth— The Electric Telegraph— Terrestrial Heat 
—The Sun— Earthquakes and Volcanoes— Baro- 
meter, Safety Lamp, and Whitworth's Microme- 
tric Apparatus— Steam— The Steam Engine— The 
Eye—The Atmosphere — Time — Common Things : 
Pumps — Common Things : Spectacle*, the Ka- 
leidoscope—Clocks and Watches— Microscopic 
Drawing and Engraving— Locomotive — Thermo- 



meter—New Planets : Leverrier mad Adams's 
Planet— Magnitude and Minolcne— C o snmn si 
Things : The Almanack— Optical Images — How 
to observe the Heavens— Common Things 1 The 
Looking-glass— Stellar Universe— The Tides- 
Colour — Common Things: Man — Magnifying 
Glasses- Instinct and Intelligence— The Solar 
Microscope— The Camera Lucid a — The Magic 
Lament— The Camera Obecura— The Microscope 
—The White Ants : Their Manners and Habits— 
The Surface of the Earth, or First Notions of 
Geography— Science and Poetry— The Bee- 
Steam Navigation— Electro-Motive Power— Thun- 
der, Lightning, and the Aurora BoreaKa— The 
Printing Press— The Crust of the Karth— Comets 
—The Stereoscope— The Pre -Adamite Earth- 
Eclipses— Sound. 



Opinions of the Press. 

"This series, besides affording popular but sound instruction on scientific subjects, with which the 
humblest man in the country ought to be acquainted, also undertakes that teaching of ' Common Things ' 
which every well wisher of his kind is anxious to promote. Many thousand copies of this serviceable 
publication have been printed, in (he belief and nope that the desire for instruction and improvement 
widely prevails ; and we have no fear that such enlightened faith will meet with disappointment." — 
Timet. 

_ " A cheap and interesting publication, alike informing and attractive. The papers combine subiects 
of importance and great scientific knowledge, considerable inductive powers, and a popular style of 
treatment." — Spectator. 

" The ' Museum of Science and Art ' is the most valuable contribution that has ever been made to 
the scientific instruction of every class of society." — Sir David Brbwstkb, in the North British 
Jttview. 

" Whether we consider the liberality and beauty of the illustrations, the charm of the writing, or 
the durable interest of the matter, we must express our belief that there is hardly to be found among the 
new books one that would be welcomed by people of so many ages and classes as a valuable present," — 
JSxamitur. 

* # * Separate books formed from the above, suitable for Workmen's Libraries, 
Science Classes, drv. 

Common Things Explained. Containing Air, Earth, Fire, Water, Time, Man, 
the Eye, Locomotion, Colour, Clocks and Watches, &c 233 Illustrations, cloth 
gilt, sx. 

The Microscope. Containing Optical Images, Magnifying Glasses, Origin and 
Description of the Microscope, Microscopic Objects, the Solar Microscope, Micro- 
scopic Drawing and Engraving, &c. 147 Illustrations cloth gilt, 2s. 

Popular Geology. Containing Earthquakes and Volcanoes, the Crust of the 
Earth, &c. 201 Illustrations, cloth gilt, 2s. 6d. 

Popular Physics. Containing Magnitude and Minuteness, the Atmosphere, 
Meteoric Stones, Popular Fallacies, Weather Prognostics, the Thermometer, the 
Barometer, Sound, &c. 85 Illustrations, cloth gilt, 2s. 6d. 

Steam and its Uses. Including the Steam Engine, the Locomotive, and Steam 
Navigation. 89 Illustrations, cloth gilt, 2s. 

Popular Astronomy. Containing How to observe the Heavens. The Earth, Sun, 
Moon, Planets. Light, Comets, Eclipses, Astronomical Influences, &c. 182 Illus- 
trations, 4r. 6d. 

The Bee and White Ants : Their Manners and Habits. With Illustrations of 
Animal Instinct and Intelligence. 135 Illustrations, cloth gilt, 2s. 

The Electric Telegraph Popularized. To render intelligible to all who can 
Read, irrespective of any previous Scientific Acquirements, the various forms of 
Telegraphy in Actual Operation. 100 \\Va&Vra\NOT», cVak vjVv, u« 6of. 
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COUNTING-HOUSE WORK, TABLES, CALCULATORS, etc. 
Accounts for Manufacturers. 

FA CTOR Y A CCOUNTS : Their Principles and Practice. A Hand-book 
for Accountants and Manufacturers, with Appendices on the Nomenclature of Machine 
Details ; the Income Tax Acts ; the Rating of Factories ; Fire and Boiler Insurance ; 
the Factory and Workshop Acts, &c, including also a Glossary of Terms and a large 
number of Specimen Rulings. By Emile Gakcke and J. M. Fells. Demy 8vo, 
250 Pages. Price 10s. 6d. strongly bound. " [Just published. 

"One of the most important works ever published dealing with these matters. The authors have 

treated the subject from the standpoint of the factory, as practical men speaking to practical men, and 

not, as has been too often the case, as schoolmasters to schoolboys."— EUctrician. 

_ "A very in! cresting description of the requirements of Factory Accounts. ... The principle ot 

assimilating the Factory Accounts to the general commercial books is one which we thoroughly agree 

with."— Accountant* Journal. 

" Characterised by extreme thoroughness. There are few owners of factories who would not 

derive great benefit from the perusal of this most admirable work."— Local Government Ckronicli. 

Foreign Commercial Correspondence. 

THE FOREIGN COMMERCIAL CORRESPONDENT : Being Aids 
to Commercial Correspondence in Five Languages, English, French, German, 
Italian, and Spanish. By Charles E. Baker. Crown 8»o. Price about 5;. 

[In preparation. 

Intuitive Calculations. 

THE COMPENDIOUS CALCULA TOR ; or, Easy and Concise Methods 
of Performing the various Arithmetical Operations required in Commercial and 
Business Transactions, together with Useful Tables. By Daniel O 'Gorman. 
Corrected and extended by J. R. Young, formerly Professor of Mathematics at 
Belfast College. Twenty-sixth Edition, carefully Revised by C. Norris. Fcap. 
8vo, y. 6d. strongly half bound in leather. 

" It would be difficult to exaggerate the usefulness of a book like this to everyone engaged in com- 
merce or manufacturing industry. It is crammed full of rules and formulae for shortening and employing 
calculations."— AT nm-ltdir. 

"Supplies special and rapid methods for all kinds of calculations. Of great utility to persons 
engaged in any kind of commercial transactions. 1 ' — Scotsman. 

Modern Metrical Units and Systems. 

MODERN METROLOGY: A Manual of the Metrical Units and 
Systems of the present Century. With an Appendix containing a proposed English 
System. By Lowis D'A. Jackson, A.M. Inst. C.E., Author of " Aid to Survey 
Practice," &c. Large crown 8vo, I2x. 6d. cloth. 
" The author has brought together much valuable and interesting information. . . . We cannot 

but recommend the work to the consideration of all interested in the practical reform of our weights and 

measures.'' — Nature. 

" For exhaustive tables of equivalent weights and measures of all sorts, and for clear demonstrations 
of the effects of the various systems that have been proposed or adopted, Mr. Jackson's treatise is 
without a rival."— Academy. 

The Metric System and the British Standards. 

A SERIES OF METRIC TABLES, in which the British Standard 
Measures and Weights are compared with those of the Metric System at present in 
Use on the Continent. By C. H. Dow ling, C.E. 8vo, ioj. 6d. strongly bound. 

"Their accuracy has been certified by Professor Airy, the Astronomer- Royal "— Builder. 

"Mr. Dowling's Tables ai 
nto the other."— Atktnmum. 



' Mr. Dowling's Tables are well put together as a ready reckoner for the conversion of one system 

'" :r."— At' 



Iron and Metal Trades' Calculator. 

THE IRON AND METAL TRADES' COMPANION: For ex- 
peditiously ascertaining the Value of aoy Goods bought or sold by Weight, from is. 
perewt. to ii2x. perewt, and from one farthing per pound to one shilling per pound. 
Each Table extends from one pound to 100 tons ; to which are appended Rules on 
Decimals, Square and Cube Root, Mensuration of Superficies and Solids, &c. ; 
also Tables of Weights of Materials, and other Useful Memoranda. By Thomas 
Downie. Strongly bound in leather, 396 pp., 9s. 
"A most useful set of tables, and will supply a want, for nothing like them before existed. "—Building 

" Although specially adapted to the iron and metal trades, the tables will be found useful in every 
other business in which merchandise is bought and sold by weight."— Railway Newt. 
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Calculator for Numbers and Weights Combined. 

THE COMBINED NUMBER AND WEIGHT CALCULATOR. 
Containing upwards of 250,000 Separate Calculations, showing at a glance the 
value at 421 different rates, ranging from Ath of a Penny to 2ar. each, or per cwt., 
and j£ao per ton, of any number of articles consecutively, from 1 to 470. — Any 
number of cwts., qrs., and lbs., from 1 cwt. to 470 cwts. — Any number of tons, 
cwts., qrs. and lbs., from I to 23, tons. By William Chadwick, Public 
Accountant. Imp. 8vo, 30J. strongly bound for Office wear and tear. 
13" This comprehensive and entirely unique and original Calculator is adapted for 

She use of Accountants and Auditors, Railway Companies, Canal Companies, Shippers, 

Shipping Agents, General Carriers, &"c. 

Iron founders, Brassfounders, Metal Merchants, Iron Manufacturers, Ironmongers, 

Engineers, Machinists, Boiler Makers, Millwrights, Roofing, Bridge and Girder Makers, 

Colliery Proprietors, cW. 

Timber Merchants, Builders, Contractors, Architects, Surveyors, Auctioneers, 

Valuers, Brokers, Mill Owners and Manufacturers, Mill Furnishers, Merchants, and 

General Wholesale Tradesmen. 

\* Opinions of the Press. 

" The book contain* the answers to questions, and not simply a set of ingenious panic methods of 
arriving at results. It is as easy of reference for any answer or any number of answers as a dictionary, 
and the relerences are even more quickly made. For making up accounts or estimate* the book must 
prove invaluable to all who have any considerable quantity of calculations involving price and measure 
in any combination to do. " — Bngitutr. 

" The most complete and practical ready reckoner which it has been our fortune yet to see. It is 
difficult to imagine a trade or occupation in which it could not be of the greatest use, either in caving 
human labour or in checking work. The publisher* have placed within the reach of every commercial 
man an invaluable and unfailing assistant.'' — The Miller. 

" The most perfect work of the kind yet prepared . ' '—Glatfow Herald. 

Comprehensive Weight Calculator. 

THE WEIGHT CALCULATOR; Being a Series of Tables upon a 
New and Comprehensive Plan, exhibiting at one Reference the exact Value of any 
Weight from i lb. to 15 tons, at 300 Progressive Rates, from id. to 168s. per cwt., 
and containing 186,000 Direct Answers, which, with their Combinations, consisting 
of a single addition (mostly to be performed at sight), will afford an aggregate of 
10,266,000 Answers ; the whole being calculated and designed to ensure correct- 
ness and promote despatch. By Henry Harben, Accountant Fourth Edition, 
carefully corrected. Royal 8vo, strongly half-bound, £l 5/. \Just published. 

" A practical and useful work of reference for men of business generally ; it is the best of the kind we 

have »een. " — Ironmonger. 

" Of pr'celess value to business men. It is a necessary book in all mercantile offices." — Sheffield 

Independent. 

Comprehensive Discount Quids. 

THE DISCOUNT GUIDE. Comprising several Series of Tables for. 
the use of Merchants, Manufacturers, Ironmongers, and others, by which may be 
ascertained the exact Profit arising from any mode of using Discounts, either in the 
Purchase or Sale of Goods, and the method of either Altering a Rate of Discount, 
or Advancing a Price, so as to produce, by one operation, a sum that will realise any 
required proht after allowing one or more Discounts : to which are added Tables of 
Profit or Advance from i$ to 90 per cent., Tables of Discount from ii to 98} per 
cent., and Tables of Commission, &c, from \ to 10 per cent. By Henry Harben, 
Accountant, Author of " The Weight Calculator." New Edition, carefully Revised 
and Corrected. Demy 8vo, 544 pp., half-bound, £1 $s. 
" A book such as this can only be appreciated by business men, to whom the saving of time means 
-saving of money. We have the high authority of Professor J. R. Young that the tables throughout the 
work are constructed upon strictly accurate principles. The work is a model of typographical clearness, 
and must prove of great value to merchants, manufacturers, and general traders? ' — British Trmdt 
Journal. 

Jron Shipbuilders' and Merchants' Weight Tables. 

IRON-PLATE WEIGHT TABLES: Far Iron Shipbuilders, Engi- 
neer:, and Iron Merchants. Containing the Calculated Weights of upwards of 
150,000 different sizes of Iron Plates from 1 foot by 6 in. by \ in. to 10 feet by 5 
feet by 1 in. Worked out on the basis of 40 lbs. to the square foot of Iron of I 
inch in thickness. Carefully compiled, and thoroughly Revised by H. Borunson 
and W. H. Simpson. Oblong 4to, 25/. half-bound. 
" This work will be found of great utility. The authors have had much practical experience of 

what is wanting in making estimates, and the use of the book will save much time in making elaborate 

calculation*."— English Mechanic. 
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INDUSTRIAL AND USEFUL ARTS- 

Soap-making. 

THE ART OF SOAP-MAKING A Practical Handbook of the 
Manufacture of Hard and Soft Soapi, Toilet Soaps, &•(. Including many* New 
Processes, and a Chapter on the Recovery of Glycerine from Waste Leys. By 
ALEXANDER. Watt, Author of " Electro-Metallurgy Practically Treated," Ac. 
With numerous Illustrations. Third Edition, Revised. Crown 8vo, js. 6d. cloth. 

" The work will prove very useful, not merely to the technological student, but to the practical soap- 
boiler who wishes to understand the theory of his »n."—Chomical Nmi. 

"Really an excellent example of a technical manual, entering ai it does, thoroughly and exhaustive! y, 
both into the theory and practice of soap manufacture. The book u well and honestly done, aod de« 
Serve* the Considerable circulation with which it will doubtless meet.'* — Krurwtetlft. 

Mr. Watt's book is a thoroughly practical treatise on an art which ha* almost no literature in our 
language. We congratulate the author on the success of hit endeavour to All a void in English technical 
>i teratu re. "—Nat* re. 

Leather Manufacture. 

THE ART OF LEATHER MANUFACTURE: Being a Practical 
Handbook, in which the Operations of Tanning, Currying, and Leather Dressing 
are fully Described, and the Principles of Tanning Explained, and many Recent 
Processes Introduced ; as also Methods for the Estimation of Tannin, and a 
Description of the Arts of Glue Boiling, Gut Dressing, &c. By ALEXANDER 
Watt, Author of "Soap-Making," " Electro-Metallurgy," &c. With numerous 
Illustrations. Second Edition. Crown 8vo, oj. cloth. [Jtts/ published. 

" Mr, Watt has tendered an important service to the trade, and no less to the itudentof technology." 
— CMHkpf Mewt. 

"A sound, comprehensive treatise on tanning and its accessories. The book is an eminently valuable 
production, which redounds to the credit of both author and publishers." — Chemical Xeviev. 

"This volume is technical without being tedious, comprehensive and complete without being prosy, 
and it bears on every page the impress of a master hand. We have never come across a better trade 
treatise, nor one that so thoroughly supplied an absolute want/' — Shoo and Loathrr Troitrt' Chooniclo, 

Boot and Shoe Making. 

THE ART Of BOOT AND SHOE-MAKING: A Practical Hand- 
book, including Measurement, Last-Fitting, Cutting-Out, Closing and Making, 
with a Description of the most approved Machinery Employed. By John B. 
Leno, late Editor of St. Crispin, and The Boot and Shot-Maker. With numerous 
Illustrations. Second Edition. Crown Svo, is. tV. cloth. \Just published. 

" This excellent treatise if by fitr the best work ever written on the subject. A new work embracing 

alt modem improvements was much wanted. This want is now satisfied. Hie chapter on clicking, 

which show* how waste may be prevented, will save fifty lime* the price of the book."— Scottish Ltnlhtr 

Tradtr. 

This volume is replete with matter well worthy the perusal of boot and shoe manufacturers and 
cipcrienced craftsmen, and instructive and valuable in the highest degree to all young beginners and 
craftsmen in the trade of which it treats."— Liat/ur T radii" Circular. 

Dentistry. 

MECHANICAL DENTISTRY: A Practical Treatise on the Construc- 
tion of the various kinds of Artificial Dentures. Comprising also Useful Formula-, 
Tables, and Receipts for Gold Plate, Clasps, Solders, &c. &c By CHARLES 
HUNTER. Third Edition, Revised. With upwards of IOO Wood Engravings. 
Crown 8vo, $s. 6d. cloth. \Just published, 

" The work is very practical."— Monthly Roviem of Denial Surrowy. . 

"We can strongly recommend Mr. Hunter's treatise to all students preparing for the profession 
of dentistry, u well as to every mechanical dentist."— Dublin Journal of Medical Seionco. 

"A woik in a concise form that few could read without gaining information from." — British Journal 
af Denial Science. 

Wood Engraving. 

A PRACTICAL MANUAL OF WOOD ENGRAVING. With a 
Brief Account of the History of the Art. By William Norman Brown. With 
numerous Illustrations. Crown 8vo, zr. cloth. 

The author deals with the subject in a thoroughly practical aod easy series of representative 
essons."— Paper And Printing Trades Journal. 

"The book is clear and complete, and will be useful to anyone wanting to understand the first 
elements of the beautiful art of wood eoeravinc'' — Graphic. 

Paper Making. 

A TREATISE ON PAPER; tuithan Outline of its Manufacture, Com- 
plete Tables tf Sites, cW. For Printers and Stationers. By Richardson 
Parkinson. 8vo, 31. cloth ; is. 6d. paper wrapper. 
■ An admirable handbook, honestly written by a man who understands bis subject. "—PWnf>r» 
Itstulcr. 
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LOCKWOOD'S HANDYB00K8 FOR HANDICRAFTS. 

%aW These Handybooks are written to supply Handicraftsmen with information on 
workshop practice, and are intended to convey, in plain language, technical knowledge of the 
several crafts. Workshop terms are used, and workshop practice described, the text being 
freely illustrated with drawings of modern tools, appliances and processes, useful alike to 
the young beginner and to the old hand, whose range of experience has been narrowed 
under a system of divided labour, as well as to amateurs. 

N.B.— The following Volumes are already published, and others art in preparation. 

Metal Turning. 

THE METAL TURNER'S HANDYBOOK. A Practical Manual for 
Workers at the Foot-Lathe : Embracing information on the Tools, Appliances and 
Processes employed in Metal Turning. By Paul N. Hasluck, A.I.M.E., Author 
of " Lathe- Work. " With upwards of One Hundred Illustrations. Second Edition, 
Revised. Crown 8vo, 2s. cloth. [Just published. 

" Altogether admirably adapted to initiate students into the art of turning."— Leicester Post. 
" Clearly and concisely written, excellent in every way, we heartily commend it to all interested in 
metal turning." — Mechanical World. 

" With the assistance of a clever master, a clear and vivid expounder, and an abundance of illustra- 
tions, the work lets handicraftsmen know what are the resources of the turning-lathe and how these may 
be developed.''— Dundee Advertiser. 

Wood Turning. 

THE WOOD TURNER'S HANDYBOOK. A Practical Manual for 
Workers at the Lathe : Embracing Information on the Tools, Appliances and 
Processes Employed in Wood Turning. By Paul N. Hasluck. A.I.M E. Author 
of "Lathe- Work," "The Metal Turner's Handybook,'' &c. With upwards of One 
Hundred Illustrations. Crown 8vo, is. cloth. IT*"' published. 

"The volume is well and clearly written in a lucid style, and all the instructions are fully given. It 
will be found of great value to workmen and amateurs, and forms a safe and reliable guide to every 
branch of lathe manipulation."— Carpenter and Builder. 

" An excellent manual for workers at the lathe."— Glasgow Herald. 

" We recommend the book to young turners and amateurs. A multitude of workmen have hitherto 
sought in vain for a manual of this special industry." — Mechanical World. 

Watch Repairing. 
THE WATCH JOBBER'S HANDY BOOK. A Practical Manual 
on Cleaning, Repairing and Adjusting. Embracing Information on the Tools, 
Materials, Appliances and Processes Employed in Watchwork. By PAUL N. 
Hasluck, A.I.M.E. Author of " Lathe- Work," "The Metal Turner's Handy- 
Book," " The Wood Turner's Handybook," &c With upwards of One Hundred 
Illustrations. Crown 8vo, 2s. cloth. [7"*' published. . 

" Written in a clear style exactly suited to beginners and amateurs. We heartily recommend it." — 

Practical Engineer. 

" We recommend it to craftsmen in watchmaking as a useful and well written grammar of their art.'* 
— Scotsman. 

" All young persons connected with the trade should acquire and study this excellent, and at the 
same time, inexpensive •moi\c."—Clerhenwell Chronicle. 

Pattern Making. 

THE PATTERN MAKER'S HANDYBOOK. A Practical Manual,' 
embracing Information on the Tools, Materials and Appliances employed in Con-, 
structing Patterns for Founders. By Paul N. Hasluck, A.I.M.E. With One 
Hundred Illustrations. Crown 8vo, 2s. cloth. [Just published. 

" Mr. Hasluck's ' Lathe Work ' and kindred productions have acquired a high reputation. His new 

volume, ' Pattern Making,' contains invaluable advice, and furnishes the studious workman with a very 

large amount of practical information. "—LlojiCs News. 

" Especially useful to the beginner. We commend it to all who are interested in the counsels it SO 

ably gives."— Colliery Guardian. 

This handy volume contains sound information of considerable value to students and artificers."— 

Hardware Trade Journal. 

Mechanical Manipulation. 

THE MECHANIC'S WORKSHOP HANDYBOOK. A Practical 
Manual on Mechanical Manipulation. Embracing Information on various Handicraft 
Processes, with Useful Notes and Miscellaneous Memoranda. By PAUL N. 
Hasluck, A.I.M.E., Author of "Lathe Work," "The Metal Turner's Handy- 
book," " The Wood Turner's rUtiajWVL," Ct. is. <3«*k. SJust remdy. 
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Electrolysis of Gold, Silver, Copper, &o. 

ELECTRO-DEPOSITION: A Practical Treatise on the Electrolysis of 
Gold, Silver, Copper, Nickel, and other Metals and Alloys. With descriptions of 
Voltaic Batteries, Magneto and Dynamo-Electric Machines, Thermopiles, and of 
the Materials and Processes used in every Department of the Art, and several 
Chapters on ELECTRO-METALLURGY. By Alexander Watt, Author of 
" Electro-Metallurgy," &c. With numerous Illustrations. Second Edition, Revised 
and Corrected. Crown 8vo, gs., cloth. \Just published. 

"Evidently written by a practical man who has spent a long period of time in electro-plate work- 
shop*. The information given respecting the detail* of workshop manipulation is remarkably com- 
plete. .... Mr. Watt's book will prove of great value to elect ro-dcpo»i tors, jewellers, and various 
other workers in metal." — Nature. 

" Eminently a book for the practical worker in electro- deposition. It contain* minute and practical 
d as cri ptions of methods, processes and materials, ax actually uur-ucd and used in the workshop. Mr. 
Watt's book recommends itself to all imeresteJ in iu subjects.''— Engineer. 

Electro-Metallurgy. 

ELECTRO-METALLURGY ; Practically Treated. By ALEXANDER 
Watt, F.R.S.S. A Eighth Edition, Revised, with Additional Matter and Illustra- 
tions, including the most recent Processes. 12 mo, y. 6d. cloth board*. 
*' From this book both amateur and artisan uiay learn everything necessary for the successful pro- 
secution of electroplating." — J ran. 

Electroplating. 

ELECTROPLATING: A Practical Handbook. By J. W. Urquhart, 
C.E. With numerous Illustrations. Crown 8 vo, 5.1. cloth. 

"The information given appears to be based on direct personal knowledge Its science is 

•onnd and the style is always clear." — A theme um. 

Electrotyping. 

ELECTRO TYPING : The Reproduction and Multiplication of Printing 
Surfaces and Works of Art by the Electro-deposition of Metals. By J. W. Urquhart, 
C.E. Crown 8vo, 5*. cloth. 
" The book is thoroughly practical ; the reader is, therefore, conducted through the leading laws of 
electricity, then through the metals used by electrotype™, the apparatus, and ih= depositing processes, up 
to the final preparation of the work."- Art Journal. 

" We can recommend this treatise, not merely to amateurs, but to those actually engaged in the 
Mat."— Chemical News. 

Goldsmiths' Work. 

THE GOLDSMITH'S HANDBOOK. By George E. Gee, Jeweller, 
&c. Third Edition, considerably enlarged. l2mo, y. 6d. cloth hoards. 
"A good, sound, technical educator, and will be generally accepted as an authority. It is ess enti a l ly 
a book for the workshop, and esactly fulfils the purpose intended.' '—Horo ogical Journal. 

" Will speedily become a standard book which lew will care to be without. "— 7imlUr and Metal- 
worker. 

8iluer8mith8' Work. 

THE SIL VERSMITH'S HANDBOOK. By George E. Gee, Jeweller, 
&c. Second Edition, Revised, with numerous Ulusts. !2mo, 3*. 6d. cloth boards. 
" The chief merit of the work is its practical character. . . The workers in the trade will speedily 
discover its merits when they sit down to study it."— English Mechanic. 

"This work forms a valuable sequel to the author's ' Goldsmith's Handbook.'"— Silversmiths' Trade 
Journal. 

*.* The above two works toge'her, strongly half -bound, price 7s. 

Textile Manufacturers' Tables. 

UNIVERSAL TABLES OF TEXTILE STRUCTURE. For the 

use of Manufacturers in every branch of Textile Trade. By Joseph Edmondson. 

Oblong folio, strongly bound in cloth, price Js. 6d. \Just published. 

tS" These Tables provide what has long been wanted, a simple and easy means of 
adjusting yarns to " reeds " or " setts." or to "picks " or " shots," and vice versa, so that 
fabrics may be made of varying weights or fineness, but having the same character and 
proportions. The principle on which the tables are founded is well-known and much used 
in the muslin manufacture, but the intricacy of the cumulations hitherto required ( especially 
where warp and wtft differ in counts and in the efasettess of the threads) has prevented its 
general application. Hy these tables all the adjustment* may be made without calculation. 
Mere references to the proper places bring out the requited information The tables are 
universally applicable throughout the whole range of woven fabrics, whatever the material 
composing them or whatever the mode of numbering their yarns or ' ' setts. " 

" Immense labour has been bestowed on the work by the author. The tables are adapted to ew« 
mode of numbering yarns and setts, and apply to all the branches o< WsmVsi m»nM\w>i*T*. v — T«ttta 
Recorder. 
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Horology. 

A TREATISE ON MODERN HOROLOGY, in Theory and Practice. 
Translated from the French of Claudius Sauniee, ex-Director of the School of 
Horology at Macon, by Julien Tripplin, F.R.A.S., Besancon Watch Manu- 
facturer, and Edward Kigg, M. A., Assayer in the Royal Mint. With Seventy- 
Eight Woodcuts and Twenty- Two Coloured Copper Plates. Second Edition. 
Super-royal 8vo, £2 21. cloth, £2 10s. half-calf. 

" There is no horological work in the English language at all to be compared to this production of 
M. Saunter's for clearness and completeness. It is alike good as a guide for the s t ud en t and as a 
reference Tor the experienced horologist and skilled workman." — Horological Journal. 

" The latest, the most complete, and the most reliable of those literary productions to which con- 
tinental watchmakers are indebted for the mechanical superiority over their English brethren — in tact, 
the Book of Books, is M. Saunter's ' Treatise.' "—Watchmaker, Jeweller, and Silversmith. 

"This magnificent treatise is one of the most valuable and comprehensive contributions to the 
literature of horological art and science ever produced, and cannot be too highly commended. It is a 
perfect cyclopaedia of watch and clockmaking." — The Coventry Watch and Ciocimater. 

Watchmaking. 

THE WATCHMAKER'S HANDBOOK. Intended as a Workshop 
Companion for those engaged in Watchmaking and the Allied Mechanical Arts. 
Translated from the French of Claudius Saunier, and considerably enlarged by 
Julien Tripplin, F.R.A.S., Vice-President of the Horological Institute, and 
Edward Rigg, M.A., Assayer in the Royal Mint. With Numerous Woodcuts) 
and Fourteen Copper Plates. Second Edition, Revised. With Appendix. Crown 
8vo, oj. cloth. [Just published. 

" Each part is truly a treatise in itself. The arrangement is good and the language is clear and 
concise. It is an admirable guide for the young watchmaker." — Engineering: 

" It is impossible to speak too highly of its excellence. It fulfils every requirement in a handbook 
intended for the use of a workman, should be found in every workshop.' —Watch and Clackmaker. 

" This book contains an immense number of practical details bearing on the daily occupation of a 
watchmaker, and it will be found of gre.it use to an army of workers.— Watchmaker and Metalworker 
(Chicago^. 



CHEMICAL MANUFACTURES AND COMMERCE. 

The Alkali Trade, Manufacture of Sulphuric Acid, &c. 

A MANUAL OF THE ALKALI TRADE, including the Manufacture 
of Sulphuric Acid, Sulphate of Soda, and Bleaching Powder. By John Lom as, 
Alkali Manufacturer, Newcastle-upon-Tyne and London. With 23a Illustrations 
and Working Drawings, and containing 390 pages of Text. Second Edition, 
with Additions. Super-royal 8vo, £1 10s. cloth. 

"This book is written by a manufacturer for manufacturer*. The working details of the most ap- 
proved forms of apparatus are given, and these are accompanied by no less than 23a wood engravings, all 
of which may be used for the purposes of construction. _ Eveiy step inthe manufacture is very fully 
described in this manual, and each improvement explaioed. Everything which tends to introduce 
economy into the technical details of this trade receives the fullest attention? ' — Athtnaum. 

"The author is not one of those clever compilers who, on short notice, will 'read up' any con- 
ceivable subject, but a practical man in the best sense of the word. We find here not merely a sound and 
luminous explanation of the chemical principles of the trade, but a notice of numerous matters which 
have a most important bearing on the successful conduct of alkali works, but which are generally over- 
looked by even the most experienced technological authors. "—Chemical Rcvirw. 

Brewing. 

A HANDBOOK FOR YOUNG BREWERS. By Herbert Edwards 
Wright, B.A. Crown 8vo, y. 6J. cloth. 
" This little volume, containing such a large amount of good sense in so small a compass, ought to 
recommend itself to every brewery pupil, anc many who have passed that stage." — Brewer? Guardian. 

"The book is very clearly written , and the author has successlully brought his scientific knowledge 
to bear upon the various processes and details of brewing." — Bremer. 

Commercial Chemical Analysis. 

THE COMMERCIAL HANDBOOK OF CHEMICAL ANALYSIS; 
or, Practical Instructions for the determination of the Intrinsic or Commercial Value 
of Substances used in Manufactures, in Trades, and in the Arts. By A. Normandy, 
Editor of Rose's "Treatise on Chemical Analysis." New Edition, to a great 
extent re-written by Henry M. Noad, Ph.D., F.R.S. With numerous Illus- 
trations. Crown 8vo, 12s. 6d. cloth. 
" We strongly recommend this book to our readers as a guide, alike indispensable to the housewife 
a* to the pharmaceutical practitioner."'— Mtdical Timtt. 

" Essential to the analysts appointed under dm nt* Ktt. Ttv» mn»X TOWsAwaaMA ace oven, and ths> 
work it well edited and carefully written."— Nairn*. 
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Dye-Wares and Colours. 

THE MANUAL OF COLOURS AND DYE-WARES ; Their Pro- 
perties, Applications, Valuation, Impurities, and Sophistications. For the use of 
Dyers, Printers, Drysaltery, Brokers, &c. By J, W. Slater. Second Edition, 
Revised and greatly Enlarged, crown 8vo, Jr. 6d. clotb. 
" A complete encyclopedia of the materia tinctaria. Hie to formation given respecting each article 
is full and precis*, and ihe methods of determining the value 1 of article* such as these, so liable to sophis- 
tication, are given with clearne**, and are practicafas well as valuable." — Ckemitt ami Druggie*. ^ 

"There it no other work which cover* precisely the same ground. To students preparing fur 
examination! ia dyeing and printing it Will prove exceedingly useful." — Carmical Nemt. 

Pigments. 

THE ARTISTS' MANUAL OF PIGMENTS. Showing their Com- 
position, Conditions of Permanency, Non- Permanency, and Adulterations; Effects 
in Combination with Each Other and with Vehicles ; and the most Reliable Tests 
of Purity. Together with the Science and Arts Department's Examination Ques- 
tions on Painting. By H. C. Standage. Second Edition, Revised, Small 
crown 8vo, *r- 6d. cloth. \Just published. 

" This work is indeed multuut.in-parvo, and we can, with good conscience, recommend il to all who 
come in contact with pigments, whether as makers, dealers, or users."— CkimiiaJ Rtvirw. 

" This manual cannot fail to be a very valuable aid to all paintcis who wish their work to endure 
and be «f a sound character ; it is complete and comprehensive." — Sentater. 

"The author supplies a great deal of very valuable information and memoranda as to the chemical 
qualities and artistic effect oi the principal pigments used by painters."— BuiUer. 

Gauging. Tables and Rules for Reuenue Officers, Brewers, Ac. 

A POCKET BOOK OF MENSURATION AND GAUGING: Containing 
Tables, Rules and Memoranda for Revenue Officers, Brewers, Spirit Merchants, &c, 
By J. B. Mast (Inland Revenue). Oblong iSmo, 4/. leather, with elastic band. 

[Just published. 

"This handy and useful book is adapted to the requirements of the Inland Revenue Department, 
and trill be a favourite book of reference. The range of subjects ia comprehensive, and the arrangement 
simple and clear."— Civilian. 

"A most useful book. It should be in the hands of every practical brewer."— Bmotrt" Journal. 



AGRICULTURE, FARMING, GARDENING, etc. 

Agricultural Facts and Figures. 

NOTE-BOOK OF AGRICULTURAL FACTS AND FIGURES 
FOR FARMERS AND FARM STUDENTS. By Fkimrose McConneu., 
Fellow of the Highland and Agricultural Society ; late Professor of Agriculture, 
Glasgow Veterinary College. Third Edition. Royal 3imo, full roan, gilt edges, 
with elastic band, 4,'. 

" The most complete and comprehensive Note-book for Farmers and Farm Students that we have 
seen. It literally teems with information and we caa cordially recommend it to all connected with 
agriculture." — North Britiih Agriculturist. 

Youatt and Burn's Complete Grazier. 

THE COMPLETE GRAZIER, AND FARMER'S AND CATTLE- 
BREEDER'S ASSISTANT. A Compendium of Husbandry ; especially m the 
departments connected with the Breeding. Rearing, Feeding, and General Manage- 
ment of Stock ; the Management or the Dairy, Ac. With Directions for the Culture 
and Management of Grass Land, of Grain "and Root Crops, the Arrangement of 
Farm Offices, the use of Implements and Machines, and on Draining, Irrigation, 
Warping, &c; and the Application and Relative Value of Manures. By William 
YOUATT, Esq., V.S. Twelfth Edition, Enlarged by RoBERT SCOTT BURN, Author 
of "Outlines of Modern Farming," "Systematic Small Farming," &c One 
large 8vo Volume, 860 pp., with 244 Illustrations, £1 is. half-bound. 
" The standard and text book with the fanner and graiier."— Farmers' Magaxiue. 
"A treatise which will remain a standard work on ibe subject as long as British apiculture 
endures."— Mark Lout Er/rttt (First Notice!, . . % . . .. 

"The book deals with all departments of agriculture, and contains an immense amount of valuable 
information. It is, in fact, an encyclopedia of agriculture put into readable form, and it ia the only work 
eoually comprehensive brought down to present date. It is excellently pnnted on thick paper, and strongly 
bound, and deserves a place in the library of every agriculturist."— Mart Lanr Ktfrtu (Second Notice! 

"This esteemed work is well worthy of a place in the libraries of agriculturists."— iferth Brills* 
Africmiturist. 
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Flour Manufacture, Milling, etc. 

FLOUR MANUFACTURE : A Treatise on Milling Science and Prac- 
tice. By Friedricu Kick, Imperial Regierungsratb, Professor of Mechanical 
Technology in the Imperial German Polytechnic Institute, Prague. Translated 
from the Second Enlarged and Revised Edition with Supplement. By H. H. P. 
Powi.es, Assoc Memb. Institution of Civil Engineers. Nearly 400 po. Illustrated 
with 28 Folding Plates, and 167 Woodcuts. Roy. 8vo, 25s., cloth [Just published. 

Opinions of the Press. 

" This valuable work is, and will remain, the standard authority on the science or m'lling. . . : 
The miller who has read and digested (his work »ill have laid the foundation, x> to speak, of a »ucce*sful 
career; he will have acquired a number of general principles which he can proceed 10 apply. In this 
handsome volume we at last have the accepted text book of modern nulling in good, sound English, 
which has little, if any, trace of the German idiom."— The Miller. 

" Professor Kick treats the subject so thoroughly both on its theoretical and practical sides that his 
work is well raited to be a text-book of technical education anywhere. Mr. H H. P. Powko'i admirable 
English translation will therefore be welcome to milling engineers here." — Scotsman. 

" The appearance of this celebrated work in English is v»rv opportune, and British millers will, we 
are sure, not be slow in availing themselves of its pages.''— Millers' Gazette. 

Small Farming. 

SYSTEMATIC SMALL FARMING; or, The Lessons of my Farm. 
Being an Introduction to Modern Farm Practice for Small Farmers in the Culture 
of Crops; The Feeding of Cattle; The Management of the Dairy, Poultry and 
Pigs ; The Keeping of Farm Work Records ; The Ensilage System, Construction 
of Silos, and other Farm Buildings ; The Improvement of Neglected Farms, &c. 
By Robert Scott Born, Author of " Outlines of Lauded Estates' Management," 
and "Outlines of Farm Management," and Editor of "The Complete Grazier. 1 * 
With numerous Illustrations, crown 8vo, 6s. cloth. 
"This is the completes! book of its cla«a we have seen, and one which every amateur farmer will 
read with pleasure, and accept at a guide."— PitU. 

"Mr. Scott Burn's pages are severely practical, and the tone of the practical man is frit through- 
out. The book can only prove a treasure of aid and suggestion to the small tanner of intelligence and 
energy."— Britith Quarterly Kevirw. 

The volume contains a vast amount of useful information. No branch of farming is left un touched , 
from the labour to be done to the results achieved. It may be safily recommended to all who think they 
will be in paradise when they buy or rent a three-acre I arm." — Glasgow Hit aid. 

Modern Farming. 

OUTLINES OF MODERN FARMING. By R. Scott Burn. Soils, 
Manures, and Crops — Farming and Farming Economy — Cattle, Sheep, and Horses — 
Management of Dairy, Pigs, and Poultry— Utilization of Town-Sewage, Irrigation, 
etc. Sixth Edition. In one vol., 1,250 pp., half-bound, profusely Illustrated, I2x. 
" The aim of the author has been to make his work at once comprehensive and trustworthy, and in 
this aim he has succeeded to a degree which entitles him to much credit."— Mprnng Advertiser. 

" Eminently calculated to enlighten the agricultural community on the varied subjects of which it 
treats, and hence it should find a place in every farmer's library." — City Prtu. 
" No farmer should be without this book.''— Banbury Guardian. 

Agricultural Engineering. 

FARM ENGINEERING, The Complete Text-Book of. Comprising 
Draining and Embanking ; Irrigation and Water Supply ; Farm Roads, Fences 
and Gates ; Farm Buildings, their Arrangement and Construction, with Plans and 
Estimates ; Barn Implements and Machines ; Field Implements and Machines ; 
Agricultural Surveying, Levelling, &c. By Professor John Scott, Editor of the 
■"Fanners' Gazette," late Professor of Agriculture and Rural Economy at the Royal 
Agricultural College, Cirencester, &c. &c. In one vol., 1,150 pages, half-bound, 
with over 600 Illustrations, 1 2s. 
" Written with great care, as well as with knowledge and ability. The author has done his work 

well ; we have found him a very trustworthy guide wherever we have tested his statements. The volume 

will be of great value to agricultural students."- -Mark Cast Express. 

" For a young agriculturist we know of no handy volume likely to be more usefully studied." — 

Bell's Weekly Messenger. 

English Agriculture. 

THE FIELDS OF GREAT BRITAIN: A Text-Book of Agriculture. 
Adapted to the Syllabus of the Science and Art Department. For Elementary and 
Advanced Students. By Hugh Clements (Board of Trade). i8mo, is. 6J. cloth. 
"A most comprehensive volume, giving a mass, ol TOformajicjo."— A %rictlheral Economist. 
"It is a long time since we have >etn a wV\c\\ Vim ^evseA u» ox «tfui» «dx a. 

WK mad useful fund of knowledge."— Educational Timet. 
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Farm and Estate Book-keeping. 

BOOK-KEEPING FOR FARMERS AND ESTATE OWNERS. 
A Practical Treatise, presenting, in Three Plans, a System adapted to all Classes or 
Farms. By Johnson Iff. Woo dm in, Chartered Accountant. Cr. 8vo. $s. 6J. clolh . 
" Tne •• •: mm it) cwtal study «f » mo»i impomm subject." — A(rtenllu**l CaMttif. 
"Will be lound of great assistance bv those who intend to commence si system ol book-keeping, the 
:\-.ih. r'« (..,.!. being clear and enplicit, and bit cepUntiious. whdc lull and accurate, being to a 
large cslcnl free from technicalities." — Live j7oc.it Jmrnnt. 

"The young (araier. Uml ksenl, and turveyor wtU an s Mr, ;v„ -:•»...,•- treatise more thau repay 
it* coit and study.*'— Building Arivj. 

Farm Account Book. 

WOODMAN'S YE1RLY FARM ACCOUNT BOOK. Giving a 
Weekly Labour Account and Diary, and showing the Income and Expenditure 
under each Department of Crop*.. Live Stock. Dairy, fa Ac. With Valuation, 
Profit and Loss Account, and Balance Sheet at the end of the V'ear, and an Ap- 
pendix of Forms, Ruled ami Headct fur Entering a Complete Record of the Farm- 
ing Operations. by Johniom M. Woodman. Chartered Accountant, Aathor 
of " Book-k«.cping for Farmers." Folio, Is. 6d. half-bound. 
" Contains every requisite form (or keeping farm accounts readily and accurately." — AgrUwHtmt. 

Early Fruits, Flowers and Vegetables. 

THE FORCING-GARDEN; or. How to Grow Early Fruits. Flowers, and 
Vegetables. With Plans and Estimates for Building Glasshouses, Pits and Frames. 
Containing also Orujinal PUns for Double Glaring, a New Method of Growing the 
Gooseberry under Glass, &c. &c, ami on Ventilation. Protecting Vine Border*, &c. 
With Illustrations. By SAM I' kL WooD. Crown Svo, }f. bJ. cloth. 
'* A good book, and fairly till, a place thai was in some decree vactnt. The book is written with) 
great cate, and jontaint a great deal of valiuMc teaching." — G%r,Uiuri Mii;<n : Ht- 

" Mr. Wood's book is an nriirinal a-id echausiise answer to the que.tiuu. ' How to Grow Early 
Fruiu, Flowers and Vegetable* t ' " Lan . n 1 1 UaUr. 

Good Gardening. 

A PLAIN GUIDE TO GOOD GARDENING ; or. How to Grow 

Vegetables, Fruits, and Flowers. With Practical Notes on Soils, Manures, Seeds,. 
Planting, Laying-out of Gardens and Grounds, &c. By S. Wikid. Third Edition, 
with considerable Additions, Jtcand numerous Illustrations. Crown 8»o, 5«. cloth. 

"A very gnod book, ami one iu be highly recommended as a practical guide. The practical direc- 
tions are eaccllent."— Athenvuni. 

" May be recommended to y..nng gardrnen, cottagers, and specially to amateurs, for the plain, simple, 
and trustworthy inlormation it gives on cuuunju nutters too often neglected. '' — Liarife nrrs' Chronicle. 

Gainful Gardening. 

MUL TUM-IN-PA R VO GARDENING ; or. How to make One Acre of 
Land produce i,<-:o a- year, by the Cultivation of Fruits and Vegetables : also, How* 
to Grow Flowers in Three Glass Houses, so at to realise £176 per annum clear Pro- 
fit. By SAMUEL WOOD, Author of " Good Gardening." lie Fourth and Cheaper 
Edition, revised, with Additions. Crown 8vo, lit, sewed. 

We are bound to recommend it M not only miled to the case of the amateur and gentleman's gar- 
dener, but to the market grower.'' — tinntefun' Mtizattru; 

Gardening for Ladies. 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN, and 
Amateurs' Complete Guide. With 1 Hunts. By S. Wood. Cr. Svo, 31. 6d. cloth. 

" This volume contains a good deal of sound, common sense iwalferion.* «*ln fit. 

" Full ofahrcwd hints anduseful Utotrucliuus, baaed on a USnUM ot experience."— Sett imai. 

Receipts for Gardeners. 

GARDEN RECEIPTS. Edited by Charles W. QutN. i:mo, \s. 
cloth limp. 

"A useful and handy book, containing a good deal of valuable information." — Ashina-um. 

Kitchen Gardening, 

THE KITCHEN AND MARKET GARDEN. By Contributors to 
"The Garden." Compiled by C. W. Shaw, Editor of " Gardening Illustrated." 
]2mo, Jr. 6ir. cloth boards, 
" The raoit valuable compendium of kitchen and nurket-garJeu work published." — Farmer. 

Cottage Gardening. 

COTTAGE GARDENING j t>t, Flawjrs, Fruits, an. I Ytgitt&la for 
Small Gardens. By E. Hot'DAV. llmo. Is. 6.1. clolh limp. 

" f*n«|ihM mii;.', usc'ul u wrnvit o< » a m ,.l <wg«."— 0~ .« n/Ht '.'«■.! lit 
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ESTATE MANAGEMENT, AUCTIONEERING, LAW, etc. 



Hudson's Land Valuer's Pocket -Booh. 

THE LAND VALUER'S BEST ASSISTANT: Being Tablet on a 
very much improved Plan, for Calculating the Value of Estates. With Tables for 
reducing Scotch, Irish, and Provincial Customary Acres to Statute Measure, &c 
By R. Hudson, C.E. New Edition. Royal 320QO, leather, elastic band, 41. 

" ThU new edition includes tablet for ascertaining the value of leases for any term of yean ; and 
for showing how to lay out plots of ground of certain acres in forms, square, round, Ac, with valuable 
•rules for ascertaining the probable worth of standing timber to any amount ; and is of incalculable value 
Co the country gentleman and professional man." — Farmirt' Journal. 

Ewart's Land Improver's Pocket-Book. 

THE LAND IMPROVER'S POCKET-BOOK OF FORMULA?, 
TABLES, and MEMORANDA required in any Computation relating to the Per- 
manent Improvement of Landed Property. By John Ewart, Land Surveyor and 
Agricultural Engineer. Second Edition, Revised. Royal 32010, oblong, leather, 
gilt edges, with elastic band, \s. 
"A compendious and handy little volume."— Spectator. 

Complete Agricultural Surveyor's Pocket-Book. 

THE LAND VALUER'S AND LAND IMPROVER'S COMPLETE 
POCKET-BOOK. Consisting of the above Two Works bound together. Leather, 
gilt edges, with strap, Js. 6d. 

" Hudson's book is the best ready-reckoner on matters relating to the valuation of land and crops, 
and its combination with Mr. E wart's work greatly enhances the value and usefulness of the latter- 
mentioned It is most useful as a manual for reference."— North 0/ England Farmer. 

Auctioneer's Assistant. 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE AND 
ESTATE AGENT AND VALUER'S POCKET ASSISTANT, for the 
Valuation for Purchase, Sale, or Renewal of Leases, Annuities and Reversions, and 
of property generally ; with Prices for Inventories, &c. By John Wheelkr. 
Valuer, &c. Fifth Edition, Re-written and greatly Extended by C. Norris, Sur- 
veyor, Valuer, &c. Royal 32010, 5*. cloth. 

"A neat and concise book of reference, containing an admirable and clearly-arranged list of prices 
for inventories, and a very practical guide to determine the value of furniture, Bic."— Standard. 

" Contains a large quantity of varied and useful information as to the valuation for purchase, tale, or 
renewal of leases, annuities and reversions, and of property generally, with prices for inventories, and a 
guide to determine the value of interior fittings and other effects." — Builder. 

Auctioneering. 

AUCTIONEERS: Their Duties and Liabilities. By ROBERT SQUIBBS, 
Auctioneer. Demy 8vo, 10/. 6d. cloth. 

" The position and duties of auctioneers treated compendiously and clearly." — Builder. 
" Every auctioneer ought to possess a copy of this excellent work." — Ironmonger. 
"Of great value to the profession. . . . We readily welcome this book from the fact that it treats 
the subject in a manner somewhat new to the profession."— Ettatei Gateite. 

Legal Quidefor Pawnbrokers. 

THE PAWNBROKERS', FACTORS' AND MERCHANTS' 
GUIDE 70 THE LAW OF LOANS AND PLEDGES. With the 
Statutes and a Digest of Cases on Rights and Liabilities, Civil and Criminal, as to 
Loans and Pledges of Goods, Debentures, Mercantile and other Securities. By 
H. C. Folkard, Esq., Barrister-at-Law, Author of "The Law of Slander and 
Libel," &c. With Additions and Corrections to 1876. Fcap. 8vo, 3/. 6d. cloth. 

"This work contains simply everything that requires to be known concerning the department of 
the law of which it treats. We can salely commend the book at unique and very nearly perfect." — Iron. 

"The task undertaken by Mr. Folkard has been very satisfactorily performed Such 

explanations as are needful have been supplied with great clearness and with due regard to brevity."— 

City Pmt. 
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How to Invest 

HINTS FOR INVESTORS : Being an Explanation of the Mode of 
Transacting Business on the Stock Exchange. To which are added Comments on 
the Fluctuations and Table of Quarterly Average pricei of Consols since 1759. 
Also a Copy of the London Daily Stock and Share List. By Walter M. Play- 
ford, Sworn Broker. Crown 8vo, zr. cloth. 
"An invaluable guide to investor* and speculator*."— Dallionitt. 

Metropolitan Rating Appeals. 

REPORTS OF APPEALS HEARD BEFORE THE COURT OF 
GENERAL ASSESSMENT SESSIONS, from the Year 1871 to 1885. By 
Edward Ryde and Arthur Lyon Ryde. Fourth Edition, brought down to 
the Present Date, with an Introduction to the Valuation (Metropolis) Act, 1869, 
and an Appendix by Walter C. Ryde, of the Inner Temple, Barrister-at-Law. 
8vo, i6x. cloth. 

"A useful work, occupying a place mid-way between a handbook for a lawyer and a guide to the 
surveyor. It is compiled by a gentleman eminent in hi* profession a* a land agent, whose apecialty. it is 
acknowledged, lies in the direction of assessing property for rating purpose*. "— Land Agents' Record. 

House Property. 

HANDBOOK OF HOUSE PROPERTY: A Popular and Practical 
Guide to the Purchase, Mortgage, Tenancy, and Compulsory Sale of Houses and 
Land, including the Law of Dilapidations and Fixtures : with Examples of all 
kinds of Valuations, Useful Information on Building and Suggestive Elucidations 
of Fine Art. By E. L. Tarbuck, Architect and Surveyor. Fourth Edition, 
Enlarged. !2mo, 5*. cloth. 
" The advice is thoroughly practical." —Law Journal. 

"This is a well-written and thoughtful work. We commend the work to the careful study of all 
interested in question* affecting hou*e* and land." — Land Agents' Record. 

" Carefully brought up to date, and much improved by the addition of a division on fine art"— 
Land Agents Record. 

Jnwood'8 Estate Tables. 

TABLES FOR THE PURCHASING OF ESTATES, Freehold, 
Copyhold, or Leasehold ; Annuities, Advowsons, <5rv., and for the Renewing of 
Leases held under Cathedral Churches, Colleges, or other Corporate bodies, for 
Terms of Years certain, and for Lives ; also for Valuing Reversionary Estates, De- 
ferred Annuities, Next Presentations, &c. ; together with Smart's Five Tables of 
Compound Interest, and an Extension of the same to Lower and Intermediate 
Rates. By W. Inwood. 22nd Edition, with considerable Additions, and new and 
valuable Tables of Logarithms for the more Difficult Computations of the Interest 
of Money, Discount, Annuities, &c, by M. Fedor Thomas, of the Societe Cretlit 
Mobilier of Paris. i2mo, Ss. cloth. 

"Those interested in the purchase and rale of estates, and in the adjustment of compensation cases, 
as well as in transactions in annuities, life insurance,, &~, will find the present edition of eminent 
ttnvx."— Engineering. 

" * Inwood's Table* ' Mill maintain a most enviable reputation. The new issue ha* been enriched by 
large additional contribution* by M. F<dor Thomau, whole carefully arranged Table* cannot fail to be 
of the utmost utility." — Mining Journal. 



Agricultural and Tenant-Right Valuation. 

THE AGRICULTURAL AND TENANT • RIGHT -VALUER'S 
ASSISTANT. A Practical Handbook on Measuring and Estimating the Contents, 
Weights and Values of Agricultural Produce and Timber, the Values of Estates 
and Agricultural Labour, Forms of Tenant-Right-Valuations, Scales of Compensa- 
tion under the Agricultural Holdings Act, 1883, &c. &c. By Tom Bright, 
Agricultural Surveyor, Author of ** The Live Stock of North Devon." &c. Crown 
8vo, 3*. 6d. cloth. [Just published. 

" Full of tables and example* in connection with the valuation of tenant-right, estate*, labour, con- 
tent* and weights ol timber, and farm produce of all kinds. The book is well calculated to assist the 
valuer in the discharge of hi* duty." —Agricultural Gazette. 

" An eminently practical handbook, full of pactical tables and data of undoubted interest and value 
to surveyors and auctioneers in preparing valuations of all kind*."— Fat mui: 

" Show* at a glance the value of land, crops, and the cost of seeding, harvesting, &c. &c. It is a 
really practical and useful handbook, for which we anticipate a very large tale."— Reading Mercury. 
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A Complete Epitome of the Laws of this Country. 

EVERY MAN'S OWN LAWYER: A Handy. Book of Ike Principles 
Law and Equity. By A Barbister. Twenty-fifth Edition. Reconstructed, 
owughly Revised, and Much Enlarged. Brought down to the end of last Session, 
and including careful digests of Coroners Act, 1887 ; Probation of First Offenders 
Act, 1887 j Alargarne Act, 1887 ; Agricultural Holdings (Englana) Aft, 1883 ; 
Cottage Gardens {Conipemalion for Crops) Act, 1887; Bankruptcy Act, 1883; 
Alloinunts Act, 1887 ; Merchandise Trade Marks Act, 1887 : Truck Amendment 
Act, 1887 ; Wat,r Companies {Regulation of Powers) Act, 1887 ; Registration of 
Deeds of Arrangtiiunis Ac', 1887. Crown 8vo, 684 pp., price 6*. &/. (saved at 
every consultation ! ), strongly bound in cloth. MJust published. 

%• The Book will be found to comprise (amongst other matter) — 
Rights and Wrongs or Individuals— Mercantile and Commercial Law— Partnerships — 
Contracts and Aurrrmei^t;.— Guarantips— Principals and Agents— Criminal Law — Parish 
Law — County Court Law — G>mb and Fishery Laws— Poor Men's Lawsuits — Laws or Bank* 
ruptcy — Wagers— Cheques, Hills, and Notes — Copyright — Elrctions and Registration — 
Insurance— Libel and >landek — Marriage and Divorce — Merchant Shipping — Mortgages — 
Settlement!.— stock Fxchangb Practice— Trade Marks and Patents — Trsspass— Nuisances 
— Transfer op Land — Wills. &c. *c. Aim Law for Landlord and Tenant— Master and 
Sbbvant— He rs— Devisees and 1 egatees— Husband and WtrB— Executors and Trustees — 
Guardian and Ward— Married Womhn and Infants— Lbnoer, Borrower, and Sureties — 
Debtor and Crpditor— Pi pchas-er and Vendor— Companies— Friendly .-ocibtibs— CLERGY- 
MEN— CHURCHWARDENS— MPDICAL PRACTITIONERS— Ban* ERS— FARMERS— CONTRACTORS— STOCK 

BROKEks — Sports-men — Gamkkpbpers — Farriers — Horse Dealers — Auctioneers— House 
Agents — Innkeepers — Bak eks — M illers — Pawnbrokers — Sukva\ORS — Railways and Carriers 
—Constables— Seambn— Soldiers, etc. etc. 

CST The following subjects may be mentioned as some of those which have received 
special attention during the f resent revision: — Marriage of British Subjects Abroad; 
Police Constables ; Pawnbrokers ; Intoxicating Liquors Licensing ; Domestic Servants ; 
Landlord and Tenar.t ; Vendors and Purchasers ; Parliamentary Elections ; Municipal 
Elections ; Local Elections ; Corrupt Practices at all Elections ; Public Health and 
Local Government and Nuisances ; Highways; Churchwardens ; Vestry Meetings ; Rites. 

It is believed that the extensions and amplifications of the present edition, while 
intended to 'meet the requirements of the ordinary Englishman, will also have the effect 
of rendering the book useful to the legal practitioner in the country. 

One result of the reconstruction and revision, with the extensive additions thereby 
necessitated, has been the tnlargtnunt of the book by nearly a hundred and fifty pages, 
while the price remains as before. 

The Publishers feel every confidence, therefore, that this standard work will con- 
tinue to be regarded, as hitherto, as an absolute necessity for every Man of Business 
as well as every Head of a Family. 

%• Opinions of the Press. 

" It is a complete code of English Law written in plain language, which all can understand. . . . 
Should be in the hands of every business man, and all who wish 10 abolish lawyers' bill*." — Wtekly Timet. 

" A useful and concise epitome of the law, compiled with considerable care." — Law Magazine. 

" A concise, cheap, and complete epitome of the English law. So plainly written that he who runs 
may read, and he who reads ma> understand." — Figaro. 

" A dictionary of legal lacts well put together. The book is a very useful one."— Spectator. 

"A work which has long been wanted, which is thoroughly well done, and which wo most cordially 
recommend."— Sunday Times. 

" The latest e«it : on of this popular book ought to bo in every business establishment, and on every 
library table."— SK.ffield Pott. 

Private Bill Legislation and Provisional Orders. 

HANDBOOK FOR THE USE OF SOLICITORS AND ENGINEERS 
Engaged in Promoting Private Acts of Parliament and Provisional Orders, for the 
authorization of Railways, Tramways, Woiks for the Supply of Gas and Water, and 
other undertakings of a like character. By L. Livingston Macassby, of the 
Middle Temple, Barrister-at-Law, and Member of the Institution of Civil Engineers ; 
Author of ** Hints on Water Supply." Demy 8vO, 950 pp., price 25s., cloth. 

\yust published. 

•' The volume is a desideratum on a subject which can be only acquired by practical experience, 
and the order of procedure in Private Bill Legislation and Provisional Orders is followed. The 
author's suggestions and notes will be fou <d of great value to engineers and others professionally 
engaged in this class of practice." —Building Newt. 

" The author's double experience as an engineer and barrister has eminently qualified him for 
the task, and enabled him to approach the subject alike from an engineering and legal point of view. 
The volume will be found a gnat \ elp both to engineers and lawyers engaged- in promoting Private- 
Acts of Parliament and Prcvu ional Orders "—Local Gwtrnment Chiemv;u. 
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RUDIMENTARY SCIENTIFIC WORKS. 



|»- " WEALE'S SERIES includes Text-nooks on almost every branch or Science 
and Industry, comprising such subjects as Agriculture, Architecture and Building, Civil 
Engineering, Fine Arts. Mechanics and Mechanical Engineering, Physical and Chemical 
Science, and many miscellaneous Treatises. The whole are constantly undergoing revi- 
sion, and new editions, brought up to the latest discoveries in scientific research, are 
constantly issued. The prices at which they are sold are as low as their excellence is 
assured."— American Literary Gazette. 

"Amongst the literature of technical education, Wealb's Series has ever enjoyed 
a high reputation, and the additions being made by Messrs, Crosby Lockwood & Co. 
(render the series even more complete, and bring the information upon the several subject* 
down to the present time."— Mining Journal. 

"Any persons wiihing to acquire knowledge cannot do better than look through 
W kale's SfiKtES and get all the books they require. The Series is indeed an inexhaus- 
tible mine of literary wealth."™ The Metropolitan. 

"Weale's Series has become a standard as well as an unrivalled collection of 
treatises in all branches of art and science."— Publit Opinion. 

"The excellence of We ale's Series is now so well appreciated that it would be 
wasting our space to enlarge upon their general usefulness and value.'' — Builder. 

"It is not too much to say that no bonks have ever proved more populaT with or 
more useful to young engineers and others than the excellent treatises comprised in 
Wealk's Series '—Engineer. 

" A standard and popular collection of treatises in all branches of science and art, 
written by practical men." — Iron and Coal Trades Review, 

" A collection of technical manuals which is unrivalled."— Weekly Ditfatck. 
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CROSBY LOCKWOOD & SON, 

7, STATIONERS' HALL COURT, LUDGATE HILL, LONDON, E.C. 




CROSBY LOCKWOOD & SON'S CATALOGUE. 

WEALE 'S RUDIMENT ARY SCIENTIFIC SERIES. 

%• The volumes of this Series are freely Illustrated with Wood- 
cuts, or otherwise, where requisite. Throughout the following List it must 
be understood that the books are bound in limp cloth, unless otherwise 
stated ; but the volumes marked with a I »* a y also bt had strongly bound 
in cloth boards for fid. extra. 

N.B. — In ordering from this List it is recommended, as a means 4 
facilitating business and obviating error, to quote the numbers affixed to the 
volumes, as well as the titles and prices. 



CIVIL ENGINEERING, etc. 

3 i. WELLS AND WELL-SINKING. By John Geo. Swindell, 

A.R.I.B.A., and G. R. Burnkll, C.E. Revised Edition. With a New 

Appendix on the Qualities of Water. Illustrated 3/0 

" Solid practical information, written in a coocise and lucid style. The work 
at a text-book for all surrey on, architects, &c."— Iran and Coal Tracts Review. 

3S . THE BLASTING AND QUARRYING OF STONE, 
for Building and other Purposes. With Remarks on the Blowing np of 
Bridges. By Gen. Sir J. Burgoyne. K.C.B 1/6 

43 . TUBULAR AND OTHER IRON GIRDER BRIDGES, 

describing the Britannia and Conway Tubular Bridges. With a Sketch of 
Iron Bridges, &c. By G. Drysdale Dempsev, C.E. Fourth Edition . 3/0 

44. FOUNDATIONS AND CONCRETE WORKS. With Prac- 

tical Remarks on Footings, Planking, Sand, Concrete, Beton, Pile-driving. 
Caissons, and Cofferdams. By E Dobson, M.R.I.B.A. Sixth Edition . .1/6 

60. LAND AND ENGINEERING SURVEYING. For 
Students and Practical Use. By T. Baker, C.E. Fourteenth Edition, 
revised and corrected by J. R. Young, formerly Professor of Mathematics, 
Belfast College. Illustrated with Plates and Diagrams . [Just published 2/0 J 

8o«. EMBANKING LANDS FROM THE SEA. With Examples 

and Particulars of actual Embankments, &c. By John Wiggins, F.G.S. . a/o 

81. WATER WORKS, for the Supply of Cities and Towns. With 

a Description of the Principal Geological Format ions of England as influencing 
Supplies of Water ; and Details of Engines and Pumping Machinery for 
raising Water. By Samuel Hughes, F.G.S. , C.E. Enlarged Edition . . 4/c-t 
" Every one who U debating; how hit village, town, or city thai! be plentifully supplied with pure 
water should read this book." — NcaxaitU Ceurant. 

„ 7 . SUBTERRANEOUS SURVEYING. By Thomas Fen- 
wick. Also the Method of Conducting Subterraneous Surveys without the use 
of the Magnetic Needle, and other modern Improvements. By T. Baker, C.E. 2/6J 

Il8 . CIVIL ENGINEERING IN NORTH AMERICA, A 

Sketch of. By David Stevenson, F.R.S.E., Ac. Plates and Diagrams. .3/0 

l67 . A TREATISE ON THE APPLICATION OF IRON TO 

THE CONSTRUCTION OP BRIDGES, ROOFS, AND OTHER 
WORKS. By Francis Campin, C.E. Second Edition .... afi% 
"For numbers of young: engineers the book is just the cheap, handy, first guide they want."— 
MiddUeborough Weekly Nevis. ' Remarkably accurate and well written."— Artitan. 

197 . ROADS AND STREETS {THE CONSTRUCTION OF), 
in Two Parts : I. The Art of Constructing Common Roads, by H. 
Law, C.E., Revised by D. Kinnear Clark, C.E.; II. Recent Practice: 
Including Pavements of Stone, Wood, and Asphalte. By D. K. Clark, C.E. 4/6 J 
"A book which every borough surveyor and engineer most possess, and which will be of considerable 

service to architects, builders, and property owners generally.' 1 — Building News. 

2 ~ SANITARY WORK IN THE SMALLER TOWNS 
AND IN VILLAGES. By Charles Slagg, Assoc. M. Inst. C.E. Second 

Edition, enlarged 3/o{ 

" This is a very useful book There i< a great deal o f work required to be done in the smaller towns 
and villages, and this little volume will help those who are willing to do it"— Builder. 
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Civil Engineering, etc., continued. 

aw. THE CONSTRUCTION OF GAS WORKS, and the Manu- 
facture and Distribution of Coal Gas. By S. HUGHES, C.E. Re- written by 
William Richards, C.E. Seventh Edition, with important Additions . 5/6! 
"The work if exhaustive in its character, and therefore will be found of infinite service alike to 
manufacturers, distributors, and consumers of the article. * — Fart man Engineer. 

at 3 . PIONEER ENGINEERING: A Treatise on the Engineering 

Operations connected with the Settlement of Waste Lands in New Countries. 
By Edward Dobson, A.I. C.E. With numerous Plates. Second Edition . 4/6 \ 
" Mr. Dobson is familiar with the difficulties which have to be overcome in this class of work, and 
much of his advice will ha valuable to young engineer! proceeding to our inVxaet.'' —Engineering. 

a ,6. MATERIALS AND CONSTRUCTION: A Theoretical 

and Practical Treatise on the Strains, Designing, and Erection of Works of 
u Construction. By Francis Campin, C.E. Second Edition, carefully revised. 3/0} 
'No better exposition of the practical application of the principles of construction has yet been 
published to our knowledge in such a cheap comprehensive form."— Building News. 

ai 9 . CIVIL ENGINEERING. By Henry Law, M. Inst. C.E. 

Including a Treatise on Hydraulic Engineering by G. R. Burn ell, 
M.I.C.E. Seventh Edition, revised, with Large Additions on Recent 
Practice by D. Kinnear Clark, M. Inst. C.E. 6s. 6d., cloth boards . 7/6 
" An admirable volume, which we warmly recommend to young engineers."— Builder. 
One of the best rudimentary manuals of engineering in exi sten ce . "—Scotsman. 

860. IRON BRIDGES OF MODERATE SPAN: Their Con- 
struction and Erection. By Hamilton Weldon Pendred, late Inspector of 
Ironwork to the Salford Corporation. With 40 Illustrations . . . .a/o 
" We recommend students and engineers to obtain this book for cor, sunt and practical use. — 
Colliery Gunrdiet*. 

MECHANICAL ENGINEERING, etc. 

33. CRANES, the Construction of, and other Machinery for Raising 

Heavy Bodies for the Erection ot Buildings, Ate. By Joseph Glynn, F.R.S. 1/6 

34, THE STEAM ENGINE. By Dr. Lardner. Illustrated . 1/6 

59. STEAM BOILERS: Their Construction and Management. 

By R. Armstrong, C.E. Illustrated 1/6 

" A mass ol information suitable lor beginners."— Design and Wrrk. 

83. THE POWER OF WATER, as applied to drive Flour MUls, 
and to give motion to Turbines and other Hydrostatic Engines. By Joseph 
Glynn, F.R.S. , Ate. New Edition, Illustrated a/o 

08. PRAC11CAL MECHANISM, and Machine Tools. ByT. 

Baker, C.E. With Remarks on Tools and Machinery, by J. Nasmyth, C.E. 2/6J 

I39 . THE STEAM ENGINE, a Treatise on the Mathematical 

Theory of, with Rules and Examples for Practical Men. By T. Baker, C.E. 1/6 
"This volume, by Mr. Baker, a well-known authority, teems with scientific information in reference 
to the expansion of steam and the duty of the steam-engine, 4c, &c"—Detign mnd Work. 

x64 . MODERN WORKSHOP PRACTICE, as applied to Marine, 

Land, and Locomotive Engines, Floating Docks, Dredging Machines, Bridges, 
Cranes, Shipbuilding. Ate. Ate. By J. G. Winton. Illustrated . . j/of 

Whether for the apprentice determined to master his profession, or for the artisan bent upon raising 

' ' ' '—Scttit 



himself to a higher position, this clearly written and practical treatise will be a great help."— ■Scotsman. 

x6 S . IRON AND HEAT, exhibiting the Principles concerned in the 

Construction of Iron Beams, Pillars, and Bridge Girders, and the Action of 
Heat in the Smelting Furnace. By J. Armour, C.E. Numerous Woodcuts. a/6J: 
"A very useful and thoroughly practical little volume."— Mining J tuna I 

166. POWER IN MOTION : Horse-power Motion, Toothed-Wheel 

Gearing, Long and Short Driving Bands, Angular Forces, Ate. By James 

Armour, C.E. With 73 Diagrams. Third Edition a/oj 

"The value of the theoretic and practical knowledge imparted cannot well be over-estimated."— 
Newcastle Weekly Ckronicle. 

iyx . THE WORKMAN'S MANUAL OF ENGINEERING 
DRA WING. By John Maxton, Instructor in Engineering Drawing. 
Royal Naval College, Greenwich. Sixth Edition. 300 Plates and Diagrams . 3/6J 
"A copy of it should be kept for reference in every drawing office."- Engineering. 
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Mechanical Engineering, etc., continued. 

l9 o. STEAM AND THE STEAM ENGINE, Stationary and Port- 
able, An Elementary Treatise on. Being an Extension of Mr. Sewell's Treatise 

on Steam. By D. K. Clark, C.E. Third Edition 3/6? 

" Every essential part of the subject ii treated of competently, and in a popular style." — Iron. 

aoo. FUEL, ITS COMBUSTION AND ECONOMY. Con- 

sisting of an Abridgment of " A Treatise on the Combustion of Coal and the 
Prevention of Smoke." By C. W. Williams, A.I.C.E. With extensive 
Additions by D. Kinnear Clark, M. Inst. C.E. Third Edition, corrected 3/6$ 
" Students should buy the book and read it, as one of the most complete and satisfactory treatises on 
the combustion and economy of fuel to be had." — Enginttr. 

*». LOCOMOTIVE ENGINES, A Rudimentary Treatise on. 

By G. D. Dempsey, C.E. With large Additions treating of the Modern 
Locomotive, by D. K. Clark, M. Inst. C.E. With numerous Illustrations . 3/0 J 
"A model of what an elementary technical book should be." — Acadtmy. 

an. THE BOILERMAKER'S ASSISTANT in Drawing, Tem- 

plating, and Calculating Boiler Work. 4c. By J. COURTNEY, Practical Boiler- 
maker. Edited by D. K. Clark, C.E. Second Edition, revised . . . a/o 
" With very great care we have gone through the ' Boilermaker's Assistant,' and have to say that 
has our unqualified approval. Scarcely a point has been omitted." —Foreman Engineer. 

ai7 . SEWING MACHINERY: Its Construction, History, &c 

With full Technical Directions for Adjusting, Ac. By J. W. Urqohart. C.E. a/ot 
" A full description of the principles and construction of the leading machines, and minute instruc- 
tions as to their management." — Scotsman. 

M3 MECHANICAL ENGINEERING. Comprising Metallurgy. 

Moulding.Casting. Forging, Tools, Workshop Machinery, Mechanical Manipula- 
tion, Manufacture of the Steam Engine, &c. By Francis Cam pin, C.E. . 2/6 { 
" A sound and serviceable text-book, quite up to dale."— Building Nemt. 

23 6. DETAILS OF MACHINERY. Comprising Instructions for 

the Execution of various Works in Iron in the Fitting-Shop, Foundry, and 

Boiler-Yard. By Francis Campin, C.E 3/0J 

' ' A sound and practical handbook for all engaged in the engineering trades."— Building World. 

337 . THE SMITHY AND FORGE, including the Farrier's Art 

and Coach Smithing. By W. J. E. Crank. Second Edition, revised . . a/6{ 
"The first modern English book on the subject. Great pains have been bestowed by the author 
■upon the book ; shoeing smiths will find it both useful and interesting."— Builder. 

a3 8. THE SHEET-METAL WORKER'S GUIDE : A Practical 

Handbook for Tinsmiths, Coppersmiths, Zincworkers, &c., with 46 Diagrams 
and Working Patterns. By W. J. E. Crane . Second Edition, revised. 

[Just published. 1/6 

" The author has acquitted himself with considerable tact in choosing his examples, and with 00 
less ability in treating them."— Plumber. 

3S , STEAM AND MA CHINERY MANAGEMENT: A Guide 

to the Arrangement and Economical Management of Machinery, with Hints 

on Construction and Selection. By M. Powis Bale, M.Inst M.E. 2/6 J 

" Of high practical value." — Colliery Guardian. 

"Gives the results of wide experience." — Lloyds Kemfaftr. 

aS4 . THE BOILER-MAKER'S READY RECKONER, with 

Examples of Practical Geometry and Tetnplating far the Use of Platers, Smiths, 
and Riveters. By John Courtney. Edited by D. K. Clark, M.I.C.E. 

Second Edition, revised, with Additions 4/0 

The above, strongly half-bound, priee y. 
" A most useful work. No workman or apprentice should be without it." — Iron Trade Circu'ar. 

a SS . LOCOMOTIVE ENGINE-DRIVING. A Practical Manual 

for Engineers in charge of Locomotive Engines. By Michael Reynolds, 

M.S.E. Eighth Edition, y. 6d. limp ; cloth boards 4/6 

"We can confidently recommend the book, not only to the practical driver, but to everyone who 
takes an interest in the performance of locomotive engines The Engineer. 

95 6. STATIONARY ENGINE-DRIVING. A Practical Manual 
for Engineers in charge of Stationary Engines. By Michael Reynolds, 

M.S.E. Third Edition, y. 6d. limp ; cloth boards 4/6 

" The author is thoroughly acquainted with his subjects, and has produced a manual which is aa 
•eiceedingly useful one for the class for whom it is specially intended." — Engineering. 

tS~ The X indicate! that thtst volt, may ht had rtrougty io*nd at 6d. extra. 
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MINING, METALLURGY, etc. 



4 . MINERALOGY, Rudiments of: A concise View of the General 
Properties of Minerals. By A. Ramsay, F.G.S. Third Edition, revised and 
enlarged. Woodcuts and Plates . . . 3 6J 

The author throughout hu displayed an intimate knowledge of hi* subject, and great facility in 
imparting that knowledge 10 others. The book is ot great utilil > ■. '■— Mining jeumml. 

1x7. SUBTERRANEOUS SURVEYING, with and without the 

Magnetic Needle. By T. Fenwick and T.Baker, C.E. Illustrated . . «;6J 
r33 . METALLURGY OF COPPER: An Introduction to the 

Methods of Seeking, Mining, and Assaying Copper, and Manufacturing iu 
Alloys. By Robert H. Lamborn. Ph.D. Woodcuts »/6| 

, 3S . ELECTRO METALLURGY, Practically Treated. By Alex- 
ander Watt, Eighth Edition, including the most Recent Processes , . j/oj 
" From ihit book both amateur and artisan nay learn everything necessary."— In*. 

, 7a . MINING TOOLS, Manual of. By William Morgans, 

Lecturer on Practical Mining at the Bristol School of Mines .... */6J 
lja ;MINING TOOLS, ATLAS of Engravings to Illustrate the 

above, containing 335 Illustrations of Mining Tools, drawn to Scale. 410. . 4/6 

" Students in the Science of Mining, and Overmen. Captains, Managers, and Viewers may 



practical knowledge and useful hints by the study of Mr. Morgans' Mutual." — Cellitry Guardian, 

I7 6. METALLURGY OF IRON. Containing History of Iron 
Manufacture, Methods of Assay, and Analyses of Iron Ores, Processes of Manu- 
facture of Iron and Steel. Ac, By K. Bauerman, F.G.S., A.R.S.M. With 
numerous Illustrations. Fifth Edition, revised and much enlarged . . . 5,0! 

" Carefully written, it has the merit of brevily and conciseness, as to leu important points ; while all 
material sutler* are very fully and thoroughly entered into,"- Standard, 

180. COAL AND COAL MINING, A Rudimentary Treatise on. 

ByWAkiNGTON W. Smyth. M.A., F.R.S.. 4c, Chief Inspector of the Mines 

of the Crown. Sixth Edition, revised and enlarged. With numerous Blasts- 3'6I 

" Every portion of the volume appears to have been prepared with much care, and as an outline is 
given of every known coal-field in this and other countries, as well as of the two principal method* of 
working, the book will doubtless interest a very large number of iWstsW*. 1 * Jffag jss* jmrrml, 

, 95 . THE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE. Comprising a Treatise on Improved Mining Surveying 
and tbe Valuation of Mining Properties, with New Traverse Tables. By W. 
Lintern, Mining and Civil Engineer. Second Edition, with an Appendix on 
Magnetic and Angular Surveying, with Records of the Peculiarities of Needle 
Disturbances. With Four Plates o< Diagrams. Plans, Ac. \Jusi publish* J. 3/ot 

" Contains much valuable information, and is thoroughly trustworthy." — Iran Cy* Cca i Trad* J «V mmr. 

aM . SLATE AND SLATE QUARRYING, Scientific, Practical, 
and Commercial. By D. C. Davies, F.G.S., Mining Engineer, Ac. With 
numerous Illustrations and Folding Plates. Third Edition .... 10; 

" One of the best and best-balanced treatises on a special subject, having at once scientific, practical, 
and commercial relations, that we have met with. " — £.mtn*tr. 



ARCHITECTURE, BUILDING, etc. 



16. ARCHITECTURE — ORDERS — The Orders and their 

itsthetic Principles. By W. H. Leeds. Illustrated 1/6 

, 7 . ARCHITECTURE— STYLES— The History and Descrip- 

lion of the Styles of Architecture of Various Countries, from the Earliest to the 
Present Period. By T. Talbot Bury. F R.LB.A., Ac. Illustrated . . «> 
Orders and Styles of Architecture, in One V«L t ar. tW. 

l8 . ARCHITECTURE— DESIGN— The Principles of Deign in 

Architecture, as deducible from Nature and exemplified in the Works of the 
Greek and Gothic Architects. By Edw, Lacy Garbrtt. Architect. Illustrated a/6 



" We know no work that we would sooner recommend to an attentive reader desirous to obtain clear 
views of the nature of architectural art. The book is a valuable one." — Bmidtr. 
• • The three preceding Werhi in One handsome I'd., half baund, tntitltd " MODERN 

ARCHITECTURE, "^r/M 6f. 

tar TJu J inditaUs that rhtst trnh. map te had strongly bound at 6d. txtra. 
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Architecture, Building, etc., continued. 
aa, THE ART OF BUILDING, Rudiments of. General Prin 

v> pics of Construction, Strength and Use of Materials, Working Drawings, 

Specifications. &c. By Edward Dobson, U.R.I.B.A., Ac a«t 

" A good book for practical knowledge, and about the best to be ubtaioed."— Buildinc Sews. 

aj. MASONRY AND STONE CUTTING ; The Principles of 

Masonic Projection and their application to Construction. Br E. Dobsok, 
M.R.I.B.A « 

aa. COTTAGE BUILDING. By C. Bruce Allen. Tenth 



I 
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By C. Bruce Allen. 

Edition, with a Chapter on Economic Cottages for Allotments, by E.DWABD 
E. Allen. C.E. . ■/» 

LIMES, CEMENTS, MORTARS, CONCRETES, MAS- 

TICS, PLASTERING, 6v, By G. R. Bornell, C.E. Thirteenth Edition 

WARMING AND VENTILATION of Domestic and Public 
Buildings, Mines, Lighthouses. Ships, Ac. By Charles Tomlinson, F.R.S. 

hi. ARCHES, PIERS, BUTTRESSES, <S-c; Experimental 
Essays on the Principle or Construction in. By William Bland 

ire. THE ACOUSTICS OF PUBLIC BUILDINGS; or, 

The Principles of the Science of Sound applied to the purposes of the Architect 
and Builder. By T. Roger Smith, M.R.I.B.A., Architect. Illustrated . i/6 

xay. ARCHITECTURAL MODELLING IN PAPER, The Art 

of. By T, A. Richardson. With Illustrations, engraved by 0. J ewitt 16 
"A valuable aid to the practice of architectural modelling."— Builder'i Weekly Kiperter, 

I3 8. VITRUVIUS—THE ARCHITECTURE OF MARCUS 
VITRUVIUS POLLO. In Ten Books. Translated from the Latin by 

Joseph Gwilt, F.S.A.. F.R.A.S. With 23 Plates 5/0 

N.B.— This is the only Edition of VlTRtJVIUS procurable at a moderate price. 

, 3 o. GRECIAN ARCHITECTURE, An Inquiry into the Prin- 
ciples of Beauty in ; with an Historical View of the Rise and Progress of the 

Art in Greece. By the Earl op Aberdeen 1/0 

%• The two preceding Works in One handsome Vol.. half bound, entitled " ANCIENT 

Architecture, "/n'« 6s. 

i 33 , DWELLING-HOUSES, The Erection of, Illustrated by a 
Perspective View, Plans, Elevations, and Sections of a Pair of Villas, with 
the Specification, Quantities, and Estimates. By S. H. Brooks, Architect . a/ 

,56. QUANTITIES AND MEASUREMENTS, in Bricklayers', 
Masons', Plasterers", Plumbers', Painters', Paperhangers", Gilders", Smiths', 
Carpenters' and Joiners' Work. By A. C. BEATON, Surveyor . . 1/6 

" This book U indispensable to builders and their quantity c\«xV%."—Emgliih Meehmstie. 

x 75 . LOCK WOOD'S BUILDER'S AND CONTRACTOR'S 

PRICE BOOR for 1888 | containing the latest Prices of Materials and Labour, 
and in all Trades connected with Building. With many useful Memoranda 
and Tables ; Revised and Edited by F. T. W. Miller, A.R.I.B.A. . . 3/ 

11 Recognised as an authority on matters connected with materials and labour." — Leeds Mercury. 
" Admits of easy reference, and contains ample information on all points connected with the buill' 
and contracting businesses." — Builders' Weekly Reporter. 

CARPENTRY AND JOINERY— The Elementary Prin- 
ciples of Carpentry. Chiefly composed from the Standard Work of 
Thomas Tredcold, C.E. With Additions, and a TREATISE ON 
JOINER V by E. W. Tarn, M.A. Fourth Edition, Revised and Extended . 3/ 

r8a». CARPENTRY AND JOINERY. ATLAS of 35 Plates to 

accompany and illustrate the foregoing book. With Descriptive Letterpress. 410 6/0 

" These two volumes form a complete treasury of carpentry and joinery, and should be in the hands 
of every carpenter and joiner in the empire." — livrt. 

n 5 . THE COMPLETE MEASURER; setting forth the Measure- 
mentof Boards, Glass, Timber and Stone. By R. Hobton. Fifth Edition . 
*.* The above, strongly bound in leather, price 5J, 

" We recommend the work lo all foresters, and all who buy or sell timber, who will find it a ha 
correct, and valuable companion." — Jtomnral 0/ Fern try. 

f SfJIf J indicate thai these vols, may be had strongly bound at 6d. extra. 
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Architecture, Building, etc., continued. 
ib 7 . HINTS TO YOUNG ARCHITECTS. By George Wight- 

wick, Architect, Author of "The Palace of Archi lecture," Ac. Ac f ifth 
Edition, revised and enlarged by G. Huskisson GuiLLAUME, Architect. 3/6! 

"A copy ought to be considered u necessary a purchase u a box of instrument*-" — Arxnittel. 

188 HOUSE PAINTING, GRAINING, MARBLING, AND 

SIGN WRITING : With a Course of Elementary Drawing, and a Collection 
of Useful Receipt*. By Ellis A. Davidson. Fourth Edition. Coloured Plates 5/0 
" , " TJu abovi in cloth boards, strongly bound, 61. 
"A mau of information of u« to the a iiunur and of va hie lo the practical man."- EntliiM Muhanic. 

tig. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 
General Principles of Bricklaying ; Arch Drawing, Cutting, and Setting ; 
Pointing; Paring. Tiling, Ac. By Adam Hammond. With 66 Woodcuts . t<6 
The young bricklayer will bad it infinitely valuable lo him." — GUiem Herald. 

191. PLUMBING : A Text-Book to the Practice of the Art or 

Craft of the Plumber, with above 330 Illustrations. By Wm. PatOn BucHAN, 
Sanitary Engineer. Fourth Edition, revised and enlarged .... 3/6J 

"A text-book which may be safely put into the hands of every young plumber, and which will also 
he found useful by architects and medical professors. ' ' — Builder. 

tga . THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, 
AND BUILDER'S STANDARD GUIDE. By Richard E. Grawdy. 
Third Edition, revised . .3/0 

" Everything it pretends to be : built up gradually, it leads one from a forest lo a treenail, and throws 
in, as a makeweight, a host of material concerning bricks, columns, cistern*, &c"—£it^iut Meciaun, 

zo6. A B00A' ON BUILDING, Civil and Ecclesiastical. By Sir 
Edmund Beckett, Bart, LL.D., Q.C., F.R.A.S., Author of "Clocks and 
Watches and Bells," Ac Second Edition, enlarged .... ..4/64 

A book which is always amusing and near! v always instructive. The style throughout is in the 
highest degree condensed and epigrammatic" — Times , 

a*. THE JOINTS MADE AND USED BY BUILDERS. 

By Wwill J. Christy. Architect. With 160 Woodcuts 3/0; 

" The work is deserving of high commendation." — Builder. 

328. THE CONSTRUCTION OF ROOFS, OF WOOD AND 

IRON : Deduced chiefly from the Works of Robison. Tredgold, and H umber. 
By E. Wyndham Tarn, M.A., Architect Second Edition, revised . 1/6 

" Mr. Tarn is so thoroughly master of his subject, that although the treatise is founded on the works 
of others, he has given it a distinct value of his own. It will be found valuable by alt students." — Buildtr. 

sao. ELEMENTARY DECORATION: As applied to Dwelling 

Houses. &c By 1 ames W. Facey. Illustrated ...... aja 

" The principles which ought to guide the decoration of dwcllinc-houses arc clearly set forth, aad 
elucidated by examples ; while full instructions are given to the feame r . " — Stottman. 

a 57 , PRACTICAL HOUSE DECORATION. A Guide to the 
Art of Ornamental Painting, the Arrangement of Colours in Apartments, and 
the Principles of Decorative Design. By James W. Facey . , . .9/6 
*.* N«t. iv)and 357 in One Imndwmt Vol., Maty-bound, entitled " Hoi st Decora- 
tion, Elementary and Practical," frit* y- 
a3 o. A PRACTICAL TREATISE ON HA NDRA I LING ; 

Showing New and Simple Methods By Geo. Collings. With Plates . . t/6 

"Will be found of practical utility in the execution of this difficult branch of joinery.*"— Builder. 

347. BUILDING ESTATES: A Treatise on the Development, 
Sole, Purchase, and Management of Building Land. By F. Maitland. 
Second Edition, revised • a /° 

"This book should undoubtedly be added lo the library of every professional man dealing with 
building land."— Land A [in f 1 Heard. 

248. PORTLAND CEMENT FOR USERS. By Henry Faija, 

A.M. Inst. C.E. Second Edition, Corrected . a/O 

"Supplies in a small compass all that is necessary to be known by users of cement"— Building tf nut. 

a5a . BRICKWORK: A Practical Treatise, embodying the General 

and Higher Principles of Bricklaying, Cutting and Setting ; with the Applica- 
lion of Geometry to Roof Tiling, Ac. By F. WALKER . . . . 1/6 

" Contains all that a young tradesman or student needs to leant from books." — Building AVwr. 

a 5 o. GAS FITTING: A Practical Handbook. By John Black. 

With iai Illustrations ■ 

"Containt all the requisite information for the successful fitting of houses for a ess service, Ac 
It is written in a simple practical style, and wc hcartdv recommend it. '—Plumber and Decorator. 

MT" The X indicates that then wis. may be had strongly bound at 6d. extra. 
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Architecture, Building, etc., continued. 

a Si . THE TIMBER MERCHANT'S, SA W MILLER 'S, AND 
IMPORTER S FREIGHT BOOK AND ASSISTANT. By William 
Richardson, Timber Broker ; together with a Chapter on "Speeds of Saw- 
Mill Machinery, by M. Powu Bale. M I.M.E.. Sec ... . 
"A compendium of caJeu latioot which supplies a real wul in the trad*-' 1 — BmiJdimg Stmt. 

THE PRACTICAL BRICK AND TILE BOOK. Com- 
prising: Brick and Tilb Making, by E. Dobson. A.I.C.E.: Practical 
Bricklaying, by A. Hammond: Brickwork, by F. Wauu, 550 pp- 
Wltb 370 Illustrations, strongly half-bound °i* 

aS 8. CIRCULA R WORK IN CARPENTR Y AND JOINER Y. 

A Practical Treatise on Circular Work of Single and Double Curvature. By 
George Collings, Author of " A Treatise oft Handnuling." 4c. . . a/6 

" This it an excellent example of what a book of this, kind should lie— cheap in price, clear la di- 

juiilion, »nd practical in the examples »elccied."— BuiUitr. 

9 <ji. SHORING, and Its Application : A Handbook for the Use of 

Students. By George H. Blagrove. With 3t Illustrations . . - «/f> 

" The author treat* hit subject in a sound and practical way " — En^iiik Mtchanic. 
" We recommend this valuable, ireaiise to all students." — Building JVnw. 
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SHIPBUILDING, NAVIGATION, etc. 

5 ,. NAVAL ARCHITECTURE, an Exposition of the Elemen- 
tary Principles of the Science, and their Practical Application. ByjAMKS 
PEAKE, School of N. A., H.M. Dockyard, Portsmouth 3/ 6 * 

S3 . SHIPS FOR OCEAN AND RIVER SER VICE, Elementary 

and Practical Principles of the Construction of. By HAKON A. Sqmm erfELDT. i/S 

53 «». AN ATLAS OF ENGRAVINGS to Illustrate the above. 

Twelve large folding Plates. Koyal ato, cloth , 7/*" 

54. MASTING, MAST-MAKING, AND RIGGING OF 

SHIPS. Also Tables of Spars, Rigging, Blocks ; Chain. Wire, and Hemp 
Ropes. Ac, relative to every class of vessels. By Robert Kipping, N.A, a/» 

34 .. IRON SHIP-BUILDING. With Practical Examples and 

Details. By John Grantham. Firth Edition . ■ 4/°" 

53 . THE SAILOR'S SEA BOOK: A Rudimentary Treatise on 
Navigation. By James GREENWOOD, B,A. With numerous Woodcut! 
and Coloured Plates. New and enlarged Edition. By W. H. Rosser . 2/6J 

" Is perhaps the best and simplest epitome of navigation ever compiled. — Fit Id. 

„ PRACTICAL NAVIGATION. Consisting of The Sailor's 
,v Sea-Book, by James Gxeenwood and W. H. Rosser; together with 
sou. Mathematical and Nautical Tables for the Working of the Problems, by 
Henry Law, C.E.,and Professor J. R. Young, tamo, strongly half-bound 
in leather . . . _ , - • . • ?fe 

" A vast amount of information is contained in this volume, and we fancy in a very short time that IB 
» ill be seen in the library of almost every ship or yacht afloat."— liuntt Yt tkN ug M*s**>*t. 

go. MARINE ENGINES AND STEAM VESSELS. By 
Robert Murray. C.E., Principal Officer to the Board of Trade for the East 
Coast o» Scotland District. Eighth Ldilion, thoroughly Revised, with Addi- 
tions by the Author and by GiuKGE Carlisle, C.E., Senior Surveyor to the 

Board of Trade, Liverpool , . 4t&X 

" Of great value lo engineers in both the Royal and Mercantile naahfc" jsjWsf A*M9> 
" It is an indispensable niami.il for the student of marine engineering."— Liverfeel Mmury. 

B3I&. THE FORMS OF SHIPS AND BOATS. By W. Bland. 

SevcftLh Edition, revised, with numerous Illustrations and Models . . . i/o> 

99, NAVIGATION AND NAUTICAL ASTRONOMY, in 

Theory and Practice. By Prof. J. R. Young. New Edition, Illustrated . a/6 
" A very Complete, thorough, and useful manual for the young navigator."— OUtrvaUry. 

ID 6, SHIPS' ANCHORS, a Treatise on. By George Cotsell. 1/6 
149 , SAILS AND SAIL-MAKING, With Draughting, and the 
Centre ol Eflort of the Sails. Also, Weights and Sites of Ropes ; Masting, 
Rigging, and Sails of Steam Vessels, Ac. By ROBERT KIPPING. N.A. . a/6J 
.«. THE ENGINEER'S GUIDE TO THE ROYAL AND 
MERCANTILE NAMES. By a Practical Engineer. Revised by 
D. F. M'CARTHV. late orthe Ordnance Survey Office, Southampt on . . 3/0 

t*- Thi I iHctieala tkat th'it HPlfr. may tt had iire»jjty tcund at 6V. ttlra. 
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AGRICULTURE, GARDENING, etc. 

A COMPLETE READY RECKONER FOR THE AD. 
MEASUREMENT OF LAND. aW. By A. Arman. Third Edition, 
revised and extended by C. Norris, Surveyor, Valuer, *c . • . a/o 
A very useful book to all who have land Co measure. 11 — Mmrh ! ,j ic ,'■ 1 c, r, 
Should be in the hands of all person* having any connection with land." — Irish Fmrm. 

i 3 i. MILLER'S, CORN MERCHANT S, AND FARMER'S 

READY RECKONER. Second Edition, revised, with a Price List of 

Modern Flour Mill Machinery, by W, S. Hutton, C.K. a/o 

" Will prove an indispensable tW* ficttm. Nothing has beca spared 10 bake the book complete and 
perfectly adapted to its special purpose. —Millrr. 

■40. SOILS, MANURES, AND CROPS. (Vol. I. Outlines or 
Modern Farming.) By R. Scott Burn. Woodcuts. . . . 

MI . FARMING AND FARMING ECONOMY, Historical and 

Practical. (Vol. II. Outlines op Modern Farming.) By R. Scott Burn. 3/0 

" Eminently calculated to enlighten the agricultural community on the varied subjects of which it 
treats ; hence it should find a place in every farmer's library."— City Prett. 

I4a . STOCK ; CATTLE, SHEEP, AND HORSES. (Vol. III. 

Outlines op Modern Farming.) By R. Scott Burn. Woodcuts. . a/6- 

*' The author's grasp of his subject is thorough, and his groupiDg of facts effective. . - 1 Wc com 
mend this excellent treatise.' 1 — Wttkly L'rifJh*. 

MS . DAIRY, PIGS, AND POULTRY. (Vol. IV. Outlines of 

Modern Farming.) By R. Scott Burn. Woodcuts . . . . 9 to 

"We can testify to the clearness and intelligibility of the matter, which has been compiled from the 
Lest *u 1 hixuies .-mi «i Jitvirm. 

14 6. UTILIZATION OF SEWAGE, IRRIGATION, AND 
RECLAMATION OF WASTE LAND. (Vol. V. OUTLINES OF MODERN 

Farming.) By R. Scott Burn. Woodcuts a/6 

"A work containing valuable information, which will recommend itself to all interested in modern 

arming." — field, 

mo. 0C/TZ /jVES OF MODERN FARMING. By R. Scott 

14a. ' BURN. Author of "Landed Estates Management,'' "Farm Management." 

and Editor of "The Complete Graiier. ' Consisting of the above Five 
1 J.'. Volumes in One, 1.250 pp., profusely Illustrated, half-hound . . . ia/o 

"The aim of the author has been to make his work at once comprehensive and trustworthy, and iss 
this aim he has succeeded to a degree which entitles him to much credit."— JU»rntn£ Advertiur. 
"Should find a place in every fanner's library."— City Prm. 
" No farmer should be without it."— Banbury Guardian. 

i 77 . FRUIT TREES, The Scientific and Profitable Culture of. 

From the French of M. Du Breuil, Third Edition, carefully Revised by 
George Glen nv. With "$7 Woodcuts 3/*I 

"The book teaches how to prune and train fruit trees to perfection. " —Field. 

, 9 8. SHEEP: The History, Structure, Economy, and Diseases of. 
By W. C. Spooner, M.R. V.C., Ac. Fourth Edition, with fine Engravings, 
including Specimens of New and Improved Breeds. 366 pp. . . . . 3:6 

"The book is decidedly the best of the kind in our language." — Scotsman. 

aot . KITCHEN GARDENING MADE EASY. Showing the 

best means of Cultivating every known Vegetable and Herb, ftc, with direc- 
tions for management all the year round. By Geo. M. F. GLeNNY. Illustrated 1 '6J 
" This book will be found trustworthy and useful."— Ntrlh BriHih AeruMlturisl. 

aoy. OUTLINES OF FARM MANAGEMENT. Treating of 
the General Work ol the Farm ; Slock : Contract Work ; Labour, Ac. By 
R. Scott Burn, Author of " Outlines of Modern Farming." &c. . • a/6* 

" The book is eminently practical, and may be studied with advantage by beginners io agriculture, 
while it contains hints which will be useful to old and successful farmers."— Scotsman. 

aoa. O UTL INES OF LANDED EST A TES MA NA GEMENT: 
Treating of the Varieties of Lands, Methods of Farming, the SetUng-out of 
Farms, &c. ; Roads, Fences, Gates. Irrigation, Drainage, He. By R. S. BURN. a/6£ 

" A complete and comprehensive outline of the duties appertaining to the management of landed 
estates."— femrnat tf Fvr/tfry, 

• # * Not. aoj 6* ao8 in One Vol., handsomely A,i //-bound, entitled " Outlines op Landed 
Estates and Farm Management.'" By Robert Scott Burn. Price 6s. 

ec The X indicates that these Mfe may be had strongly bound at 6d. extra. 
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Agriculture, Gardening, etc., continued. 

aoo. THE TREE PLANTER AND PLANT PROP A GA TOR i 

With numerous Illustrations of Grafting, Layering. Budding. Cuttings, Useful 
Implements, Houses. Pits. &c By Samuel Wood, Author of "Good 
Gardening," tut. a/oi 

Sound in its teaching and my comprehensive in its aim. It is a good boolt_ " — Gardeners Magn zinx. 
"The tmUUCtiuUa are thoroughly practical and correct." — Sorlk Brilith AgrituUuriit. 

am. THE TREE PR UNER i Being a Practical Manual on the 

Pruning of Fruit Trees, including also their Training and Renovation, also 
treating of the Pruning of Shrubt, Climbers and Flowering Plants. With 
numerous Illustrations. By SamuklWood, Author of "Good Gardening, ic. a/oj 

" A useful book, written by one who has had great eiperience."— Mark Lant Sxfwt. 
" We recommend this treatise very highly."- Nurlk Brilith Agriculturist. 

• # " No*. 309 6» aio in Oni Vol., handsomely half-bound, tntilUd " The Tbkk 
Planter, Pbofagator and Prunes." By Samuel Wood. Prict 51. 

fl i8. THE HAY AND STRAW MEASURER: New Tables 

for the Use of Auctioneers, Valuers, Farmers, Hay and Straw Dealers, dec, 
forming a complete Calculator and Ready Reckoner. By John Steele . a/o 
" A most uk fill handbook. It should be in every professional office where agricultural valuations are 
<onducted." — Land Agrm/t Rtttrd. 

SUBURBAN FARMING : A Treatise on the Laying-out and 

Cultivation of Farms, adapted to the Produce of M ilk, Butter and Cheese, Eggs, 
Poultry, and Pigs. By the late Prof. John Donaldson. With Additions, 
illustrating Modern Practice, by R. Scott Burn. With numerous Illustrations 3/6J 
" An admirable treatise on all matters connected with dairy farms." — Lit* Sltth Journal, 

a 3 ,. THE ART OF GRAFTING AND BUDDING. By 

Charles Baltet. With Illustrations a/61 

" The one standard work on this subject." — Scotsman. 

=3 a. COTTAGE GARDENING; or, Flowers, Fruits, and Vege- 
tables for Small Gardens. By E. Hob DAT 1/6 

" Definite instructions at to the cultivation of small gardens.'"— Setttman, 
" Contains much useful information at a small charge."— iitasgnu Hi raid. 

a33 . GARDEN RECEIPTS. Edited by Charles W. Quin. ,/6 

" A lincularly complete collection of the principal rcc*ipi4 needed by gardener.." — Farmer. 
" A UMtul and handy book, containing a good deal of valuable informaiion."— AlMen,T*m. 

ft34 . THE KITCHEN AND MARKET GARDEN. By Con- 

tributora to "The Garden." Compiled by C. W. Shaw .... 3/0* 

" The most valuable compendium of kitchen and market-garden work published.''' — Farmer, <• 
" A most comprehensive volume on market and kitchen-gardening," — Mark Lant Mjrfreu. 

339 . DRAINING AND EMBANKING. A Practical Treatise. 

By John Scott, late Professor of Agriculture and Rural Economy at the 
Royal Agricultural College, Cirencester. With 68 Illustrations . . . .1/6 
" A valuable handbook to the engineer, as well at to the surveyor." — Land. 

" This volume should be perused by all interested in this important branch of estate improvement." 
—Land Agtn ft R tcerd. 

340. IRRIGATION AND WATER SUPPLY: A Practical 

Treatise on Water Meadows, Sewage Irrigation, Warping, Ate. ; on the Con- 
struction of Wells, Poods and Reservoirs, Ac. By Prolessor John Scott. 
With 34 Illustrations . . 1/6 

"A valuable and indispensable book for the estate manager and owner. "—Family. 

"Well worth the study of all farmers and landed proprietors."— Building Newt. 

SAt . FARM ROADS, FENCES, AND GATES: A Practical 
Treatise on the Roads, Tramways, and Waterways of the Farm ; the Prin- 
ciples of Enclosures ; and the different kinds of Fences, Gates, and Sales. 
By Professor John Scott. With 75 Illustrations i/t 

"Mr. Scott's treatise will he welcomed isa concisely compiled handbook." — Building News. 
"A useful practical work, which should be in the hands of every farmer." — Farmer. 

j^a. FARM BUILDINGS: A Practical Treatise on the Buildings 

necessary for various kinds of Farms, their Arrangement and Construction, 
with Plans and Estimates, By Prof, John Scott. With 105 Illustrations . a/o 
" The work of a practical man. No one who is called upon to design farm-building* can afford to be 
without this handy little viork."—Bui/dtr. 

" 1 "his book ought to be in the hands of every landowner and agent."— Kilie Chrenielt. 

*■*- The J inditatts that Oust voh. may 6t hod strongly Vaavti ,;i >-A. 1 ur.i. 
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Agriculture, Gardening, etc., conttntud. 

*4 3 . BARN IMPLEMENTS AND MACHINES. Treating of 

tbe Application of Power 10 the Operations of Agriculture, and of the 
various Machines used in (he Threshing-barn, in the Siock-yard, Dairy, toe 
By Professor John Scott. With 123 Illustrations a/o 

24+. FIELD IMPLEMENTS AND MACHINES: With Prin- 
ciples and Details of Construction and Points of Excellence, their Manage- 
ment, *c By Prof. John Scott. With 138 Illustrations .... a/o 

345 AGRICULTURAL SURVEYING: A Treatise on Land 

Surveying, Levelling, and Setting-out; with Direction* for Valuing and Re- 
porting on Farms and Estates. By Prof. J. Scott. With 6» Illustrations 1/6 

339 ) FARM ENGINEERING: By Professor John Scott. Com- 

to i prising the above Seven Volumes in One, I, t;o pagrs, and over 600 Illustrations. 

MS J Half-bound ia/o 

*A copy o( this work should be trruurcd up in every library whero the owner thereof is id any way 
connected with land."— Farm and Hamt 

350. MEAT PRODUCTION. A Manual for Producers, Distribu- 
ton, and Consumers of Butchers' Meat. By John Ewart, Author of " The 
Land [reprover's Pocket- Book. Ac. With numerous Illustrations . . a/6 

' A compact and handy volume on the neat question. " — Afe-tt and Proeritipn Trodef Review. 

MATHEMATICS, ARITHMETIC, etc. 

3a . MATHEMATICAL INSTRUMENTS, a Treatise on ; Their 

Construction, Adjustment. Testing, and Use concisely Explained. By J. F. 
Heather, M.A., of the Royal Military Academy, Woolwich. Fourteenth 
Edition, Revised, with Additions, by A. T. Walmisley, M.I.C.E.. Fellow of 
the Surveyors' Institution. Original Edition, in 1 vol., Illustrated . . a/oj 

[y*it fublishtd 

» /* ordering ike above, be cartful to say " Original Edition," or give the number in 
the Series (31). to distinguish it from the Enlarged Edition in 3 vols, f A'01.168-9-70/. 

76. DESCRIPTIVE GEOMETR V, an Elementary Treatise on ; 

with a Theory of Shadows and of Perspective, extracted from the French of 
G. Monge. To which is added a Description of the Principles and Practice 
of Isoraetrical Projection. By J. F. Heather, Mj\. With 14 Plates . . a/o 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 
Modas of Constructing Figures contained in one Plane and Geometrical Con- 
struction of the Ground. By J. F. Heather. M.A. With 315 Woodcuts . 2/0 

"The author it well-known at an experienced professor, and the volume contains as complete a 
collection of problems ai is likely to be required in ordinary practice," — A rchiteet. 

83. COMMERCIAL BOOK-KEEPING. With Commercial 

Phrases and Forms in English, French, Italian, and German. By I AMES 
Haddon, M.A., formerly Mathematical Master, King's College School . t/6 

64. ARITHMETIC, a Rudimentary Treatise on : with full Expla- 
nations of its Theoretical Principles, and numerous Examples for Practice. 
For the Use of Schools and for Self-Instruction. By J. R. Young, late 
Professor of Mathematics in Belfast College. Eleventh Edition . . .1/6 

%t*.A KEY TO THE ABOVE. By J. R. Young . . . . ,/6 
* s . EQUA TIONA L ARITHMETIC, applied to Questions of 

Interest, Annuities, Life Assurance, and General Commerce ; with various 
Tables by which all Calculations may be greatly facilitated. By W, Hipslkv. a/o 

86. ALGEBRA, the Elements of. By James Haddon, M.A., 

formerly Mathematical Master of King's College School. With Appendix, 
containing Miscellaneous Investigations, and a collection of Problems . 3/0 

86\>4 KEY AND COMPANION TO THE ABOVE. An 
extensive repository of Solved Examples and Problems in Illustration of the 
various Expedients necessary in Algebraical Operations. By J. R. Young . 1/6 

88. EUCLID, The Elements of: with many Additional Proposi- 

tc tions and Explanatory Notes : to which is prefixed an Introductory Essay on 

89. Logic. By Henry Law, C.E a/6J 

* # * Sold also separately, vit. ' — 
88. EUCLID, The First Three Books. By Henry LAW. C.E. . . . .1/6 
80. Euclid. Books 4 , 5. 6, 11. 1a. B y Henry L aw, C.E 1/6 



rnttf- The » indicates that these volt, may be had strongly bound at 6d. extra. 
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Mathematics, Arithmetic, etc., (ontinuu!. 

90. ANALYTICAL GEOMETRY AND CONIC SEC- 
TIONS, a Rudimentary Treatise on. ByjAMR5 HANN. A New Edition, 
re-written and enlarged by Professor J. R. YOUNG a/oj 

" The author's nylc i« exceedingly clear and simple, and the booV it well adapted for die beginner, 
and those who may be ubtiged to have rccuursc to sell-tuition. 1 ' — V infineer . 

PLANE TRIGONOMETRY, the Elements of. By James 

Hann, formerly Mathematical Master of King s College, London . . 1/6 

SPHERICAL TRIGONOMETRY, the Elements of. By 

James Hank. Revised by Charles H. Dowlikg, C.E 1/0 

*,* Or with " Tht Elements of 'JVm Trigonometry." in One Volume, ar. 6rf. 

MENSURATION AND MEASURING, for Students and 

Practical Use. With the Mensuration and Levelling of Land for the purposes 
of Modern Engineering. By T. Baker, C.E. New Ed. by E. NUGENT, C.E. 1/6 

DIFFERENTIAL CALCUL US, Elements of the. By W. S. B. 
Woolhouse, F.R.A.S., Ac «j"5 

INTEGRAL CALCULUS. By Homersham Cox, B.A. .1/0 

MNEMONICAL LESSONS.— Geometry. Algebra, and 

TRIGONOMETRY, in Easy Mnemonical Lessons. By the Rev. THOMAS 

PENYNGTON K.IRKMAN, M.A. l/6 

136. ARITHMETIC, Rudimentary, for the Use of Schools and Self- 
Instruction. By James Haddon, M.A. Revised by Abraham A km an 

A KEY TO THE ABOVE. By A. Arm an .... 



ga. 
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,68. DRA WING AND MEASURING INSTRUMENTS. In- 

eluding — I. Instruments employed in Geometrical and Mechanical Drawing, 
and in the Construction. Copying, and Measurement of Maps and Plans, 
II. Instruments used for the purposes of Accurate Measurement, and for 
Arithmetical Compulations. By J. F. Heather, M.A, .... ifi 
" Valuable and instructive to all whose occupation* require eaceprion.il accuracy in measurement*." 
—yrajttUr and Meial Worker. 

,6g. OPTICAL INSTRUMENTS. Including (more especially) 
Telescopes, Microscopes, and Apparatus for producing copies of Maps and 
Plans by Photography. By J. F. Heather, M.A. Illustrated . . . x/6 
" An excellent treatise."— Brimk Journal*/ Photograph}, 

SURVEYING 6- ASTRONOMICAL INSTRUMENTS, 

Including — I. Instruments used for Determining the Geometrical Features of 
a portion of Ground. II. Instruments employed in Astronomical Observa- 
tions. By J. F. Heather, M.A. Illustrated 1.6 

" A good, sensible, u*clul book." — School Board Chronicle. 
The above three volumes form an enlargement of the Author's original mark, 
' ' Mathematical Instruments " : price is. 6a. (See No. 3a in the Series. J 

\ MATHEMATICAL INSTRUMENTS: Their Construction, 

168. Adjustment. Testing and Use. Comprising Drawing, Measuring, Optical, 

169. ■ Surveying, and Astronomical Instruments. By J. F. Heather, M.A. 
*7°- Enlarged Edition, for the most part entirely re- written. The Three Parts 

as above, in One thick Volume a.'K 

" An exhaustive treatise, belonging to the well-known Wcate"* Scries. Mr. Heather's experience 
well qualities him for the task he has so ably 1u\(H\ed."—£mfiju*rimg and iiuilding Times. 

15 8. THE SLIDE RULE, AND HOW TO USE IT. Con- 

laioing full, easy, and simple Instructions to perform all Business Calculations 
with unexampled rapidity and accuracy. By Charles Hoare,C-E. With 
a Slide Rule, in luck of cover. Filth Edition ....... a/6J 

,96, THEORY OF COMPOUND INTEREST AND ANNUL- 

TIES ; with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &r., in all their Applications and Uses for Mer- 
cantile and State Purposes. By Fedor Thoman, of the Societe Credit 
Mobilier, Paris. Third Edition, carefully revised and corrected . . 4/0J 

■ A very powerful work, and the author has a very remarkable command of bis subject. "—Professor 
A. de Mokgan. " We recommend it to the notice of actuaries and accountants."- Athenrum. 



I3P The I indicates that then Mb. may 6c had lire nr.'} lound at W. txtr*. 
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Mathematics, Arithmetic, etc., continual. 
199. THE COMPENDIOUS CALCULATOR (Intuitive Caleu- 

tations); or, Easy and Concise Methods of Performing the various Arith* 
met leal Operations required In Commercial and Business Transactions ; 
together with Useful Tables, Ac. By Daniel O'Gorman. Twenty-sixth 

Edition, carefully revised by C. Norkis 3/0! 

*' It would be difficult to exaggerate the usefulness of this book 10 everyone engaged in commerce 
OT manufacturing industry. It U crammed full with rules and formula: for thonening and employing 
calculation! in money, weights and measure*, fte. of every sort and description."— Kimltdri. 

so,,. MATHEMATICAL TABLES, for Trigonometrical, Astro- 
nomical, and Nautical Calculations ; to which is prefixed a Treatise on 
Logarithms. By H. Law, C.E. Together with a Series of Tables for Navi- 
gation and Nautical Astronomy. By Professor I R. Young. New Edition 4/0 

904.« LOGARITHMS. With Mathematical Tables for Trigonome- 
trical, Astronomical, and Nautical Calculations. By Henry Law, C.E. 
Revised Edition. {Forming part of the above work. } 3/0 

MEASURES, WEIGHTS, AND MONEYS OF ALL 

NATIONS, and an Analysis of the Christian, Hebrew, and Mahometan 
Calendars. By W, S. B. Woolhousb, F.R.A.S.. F.S.S. Sixth Edition, a/oj 

A work necessary for every mercantile office-" — Building Tradn y,.umal. 

A TREATISE ON MATHEMATICS, as applied to the 

Constructive Arts. By Francis Cam pin. C.E., Ac. Second Edition . . 3/0J 
"This volume should Ue in the bands of everyone connected with building construction. ■'— BiiUtrt 
Wttkly Kiforttr. 

PHYSICAL SCIENCE, NATURAL PHILOSOPHY, etc. 

,. CHEMISTRYM the Use of Beginners. By Prof. Geo. Fownes, 

F. R.S. With an Appendix on the Application of Chemistry I o Agriculture, t/o 

3 . NATURAL PHILOSOPHY, for the Use of Beginners. 

By Charles Tomlinson, F.R.S 1/6 

6. MECHANICS : Being a concise Exposition of the General 

Principles of Mechanical Science, and their Applications. By Charles 
Tom lin son, F.R.S t/6 

7 . ELECTRICITY/ showing the General Principles of Electri- 

cal Science, and the Purposes to which it has been applied. By Sir W. Snow 
Harris. F.R.S.. Ac. Withconsiderable Additions by R.Sabine, C.E., F.S.A, 1J6 

7 \ GALVANISM. By Sir W. Snow Harris. New Edition, 

revised, with considerable Additions, by Robert SADfNE, C.E. . . .1/6 

s. MAGNETISM. By Sir W. Snow Harris. New Edition, 

revised and enlarged by H. M. Noap, Ph.D. With 165 Woodcuts . . 3J6} 

"The best popular expeniiion of maeneliMn, its intricate relations and complicating effects, with 
which we are acquainted." — Sckeal B&irJ Ckronicit, 

,r. THE ELECTRIC TELEGRAPH: its History and Progress ; 

with Descriptions of some of the Apparatus. By R, Sabine, C.E., F.S.A., Ac 3/0 

" Essentially a practical and instructive work."— -£>«Vv Ttltgra/fk. 

ii. PNEUMATICS, including Acoustics and the Phenomena of 
Wind Currents, for the Use of Beginners. By Charles Tojiljhson. F.R.S. 
Fourth Edition, enlarged. Illustrated [Juit fuUitked tl6 

j 2 . MANUAL OF THE MOLLUSCA: A Treatise on Recent 

and Fossil Shells. By Dr. S, P. Woodward, A.L.S. With Appendix by 
Ralph Tate, A.L.S., F.G.S. With numerous Plates and 300 Woodcuts. 6/6 
The abate kandsomtly bound in cloth boards, -js. 6d. 
"A storehouse of conchological and geological information."— Hurdakkt't Scitnet Cestif, 
" An important work, with such additions as complete it to the present lime." — Land and W atrr. 

^6. ASTRONOMY. By the late Rev. Robert Main, M. A. t F.R.S., 

formerly Radcliffe Observer at Oxford. Third Edition, revised and corrected 
to the Present Time, by William ThY*WK Lvkn. B.A., P.R.A.S. . . a/o 
"A sound and simple treatise, very carefully edited, and a capital book for beginners."— JCmnvledgr. 

„. STATICS AND DYNAMICS, the Principles and Practice of; 

embracing also a clear development of Hydrostatics, Hydrodynamics, and 
Central Forces. By T. Baker, C.E. Fourth Edition . . . . , «M 



i^- Tkt \ indicant that thttt vols, may bt kad Mrongty bound at 6d. extra. 
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Physical Science, Natural Philosophy, etc., continued. 
, 3 8 TELEGRAPH, HANDBOOK OF THE; A Guide to 

Candidates for Employment in the Telegraph Service. By R. BOND, Fourth 
Edition, revised and enlarged ; to which is appended. Questions on Mag- 
netism. Electricity, and Practical Telegraphy, for the Use of Stu- 
dents, by W. McGregor, Indian Government Telegraphs, Woodcuts . 3/0 J 

"This book U one of the very bc*t work* of (he tort we have ever come across. All who 
desirous of being employed in the service of the telegraph should at once procure it."— Civilian. 

m , PHYSICAL GEOLOGY, partly based on Major-General Port- 

lock's " Rudiments of Geology." By Ralph Tate, A.L.S., 4c. Woodcuts. 2/0 

174. HISTORICAL GEOLOGY, partly based on Major-General 

Portlock's " Rudiments." By Ralph Tate, A.L.S., Sc. Woodcuts. . a/6 

1 73 . GEOLOGY, Physical and Historical. Consisting of 

* " Physical Geology," which sets forth the Leading Principles of the Science ; 

174. and " Historical Geology," which treats of the Mineral and Organic Conditions 
of the Earth at each successive epoch. By Ralph Tate, F.G.S., &c., &e, 
With 350 Illustrations 4/fJJ 

" The fulness of the matter has elevated the book into a manual. It* information is exhaustive and 
well arranged, so that any subject may be opened upon ac e." '. -*•"• ,u ,i Chramiclr. 

,83. ANIMAL PHYSICS, Handbook of. By Dionysius Lard- 

184 ner, D'.l.. With 520 Illustrations. In One Vol. (73a pages), cloth boards, 7/6 
*0 Sold also in Two Parts, as follows : — 

183. Animal Physics. By Dr. Lardner. Part 1., Chapters t.-VIt. . .4/0 

184. Animal Physics. By Dr. Lardner. Part II., Chapters VIIL-XVIII. .3/0 

" This book contains a great deal more than an introduction to human anatomy. In it will be found 
the elements of comparative anatomy, a complete treatise on the functions of the body, and a description 
of the phenomena of birth, growth, and decay. ' — Educational Times. 

FINE ARTS, etc. 

ao. PERSPECTIVE FOR BEGINNERS. Adapted to Young 

Students and Amateurs in Architecture, Painting. Ac. By George Pyne, a/o 

40. GLASS STAINING, AND THE ART OF PAINTING 

ON GLASS. From the German of Dr. GesSERT and EMANUEL OTTO 
Fromberg. With an Appendix on The Art of Enamelling. . .2/6 

69. MUSIC, A Rudimentary and Practical Treatise on. With 

numerous Examples. By Charles Child Spencer a/6 

" Mr. Spencer has marshalled, his information with much skill, and yet with a simplicity that musl 
recommend his svorks to all who wish to thoroughly understand music" — Weekly Times. 

- r , PIANOFORTE, The Art of Playing the. With numerous 

Exercises and Lessons. By Charles Child Spencer . . . .1/6 

" A sound and excellent work, written with spirit, and calculated to inspire the pupil with a desire to 
aim at high accomplishment in the art" — Sekurl Board Chrmictt. 

69.7,. MUSIC, AND THE PIANOFORTE, One Vol. Hall-bound. 5/0 
,8i, PAINTING POPULARLY EXPLAINED. By Thomas 

JOHN Gullick, Painter, and John TiMbs, F.S.A. Including Fresco, Oil, 
Mosaic, Water Colour, Water-Glass, Tempera. Encaustic. Miniature, Painting 
on Ivory, Vellum, Pottery, Enamel. Glass. 4c. Fifth Edition . . . 5/0J 
Adopted as a Prist cock at South Kensington. 

" Much may be learned, even by those who fancy they do not require to be taught, from the careful 
perusal of this unpretending but comprehensive treatise."— Art Journal. 

,86. A GRAMMAR OF COLOURING. Applied to Decorative 

Painting and the Arts. By George Field. New Edition, revised and 
enlarged by Ellis A. Davidson. With Coloured Plates , 3/0I 

' 1 The book is a most useful resume" of the properties of pigments."- Builder. 

"One of the most useful of students" books."— Arckitict. 

a , 6 . A DICTIONAR Y OF PAINTERS, AND HANDBOOK 

FOR PICTURE AMATEURS ; being a Guide for Visitors to Public and 
Private Picture Galleries, and for Art-Students, including Glossary of Terms, 
Sketch of Principal Schools of Painting, 4c. By Philippe Daryl, B_A. . aJ6% 
Considering its small compass, really admirable. We cordially recommend the book-"—* 
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INDUSTRIAL AND USEFUL ARTS. 

a 3 . BRICKS AND TILES. Rudimentary Treatise on the 

Manufacture of; containing an Outline of the Principles of Briclcmaking. 
By E. Dobson, M.R.I.B.A. Additions by C. Tomlinson, F.R.S. IUust. 3/ot 
" The bat handbook on the subject. We can aafely recommend it as a good investment "—Builder. 

67. CLOCKS AND WATCHES, AND BELLS, a Rudimentary 

Treatise on. By Sir Edmund Beckett, Bart. Q.C. Seventh Edition. . 4/6 
*.* The about handsomely bound, cloth boards, $s. 6d. 
"The best work on the subject probably extant- The treatise on bells is undoubtedly the best in 
the language."— Engineering. 

"The only modern treatise on clock-making."— Horological Journal. 

83M. CONSTRUCTION OF DOOR LOCKS. From the Papers 
of A. C. Hobbs. Edited by Charles Tomlinson, F.R.S. With a Note 
upon I son Safes by Robert Mallet. Illustrated s/6 

i6a. THE BRASS FOUNDER'S MANUAL: Instructions for 

Modelling, Pattern Making, Moulding, Turning, Ac. By W. Graham. . a/oj 

205. THE ART OF LETTER PAINTING MADE EASY. 

By Iambs Grbig Badenoch. With 13 full-page Engravings of Examples . 1/0 
" Any intelligent lad who tails to turn out decent work after studying this system, has mistaken hi* 
vocation/*— English Mechanic. 

ais. THE GOLDSMITH'S HANDBOOK, containing full In- 
structions in the Art of Alloying, Melting, Reducing, Colouring, Collecting and 
Refining. The processes of Manipulation, Recovery of Waste, Chemical and 
Physical Properties of Gold ; Solders, Enamels and other useful Rules and 
Recipes, ftc. By GEORGE E. Gee. Third Edition, considerably enlarged . 3/0; 

"A good, sound, technical educator."— Hfrclegical Janmal. 

"A standard book, which few will care to be without. • Jeweller and Metalworker. 

aas. THE SILVERSMITH'S HANDBOOK, on the same plan 

as the above. By George E. Gee. Second Edition, Revised . . 3/ot 

"A valuable sequel to the author's ' Practical GoMworker.' "— Silversmith.' t Trade Journal. 
" As a guide to workmen it will prove a good technical educator. " — Glasgow Herald. 
V The two preceding Works, in One handsome Vol., half-bound, entitled " THE 
Goldsmith's and Silversmith's Complete Handbook," js. 

349. THE HALL-MARKING OF JEWELLERY. Compris- 
ing an account of all the different Assay Towns of the United Kingdom ; with 
the Stamps at present employed ; also the Laws relating to the Standards and 
Hail-Marks at the various Assay Offices. By George E. Gee . 3/ot 

" Deals thoroughly with its subject from a manufacturer's and dealer's point of •new."— Jeweller. 

" A valuable and trustworthy guide."— Englisk Mechanic. 

334. COACH-BUILDING: A Practical Treatise, Historical and 

Descriptive. By James W. Burgess. With 57 Illustrations . . s/8J 

"This handbook will supply a long-felt want, not only to manufacturers themselves, but more 
particularly apprentices and others whose occupations may be in any way connected with the trade of 

coach-buiklinfc Mail. 

935 . PRACTICAL ORGAN BUILDING. By W. E. Dickson, 

M.A.. Precentor of Ely Cathedral. Second Edition, Revised, with Additions. 

Illustrated ■ 3/6J 

"The amateur builder will find in this book all that is necessary to enable him personally to con- 
struct a perfect organ with his own handi." — Academy. 

" The best work on the subject that has yet appeared in book form."— E ngiisk Mechanic. 

aoa. THE ART OF BOOT AND SHOEMAKING, including 

Measurement, Last-fitting, Cutting-out, Closing and Making ; with a Descrip- 
tion of the most Approved Machinery employed. By John Bedford Leno, 
late Editor of" St. Crispin " and "The Boot and Shoemaker." With numerous 

Illustrations. Second Edition 2/0 * 

"This excellent treatise is by far the best work ever written on the subject. The chapter on clicking, 

which shows bow waste may be prevented, will save fifty times the price of the book. " — Seel tick Leather 

Trader. 

263, MECHANICAL DENTISTRY: A Practical Treatise on the 

Construction of the Various Kinds of Artificial Dentures, comprising also 
Useful Formulae, Tables and Receipts for Gold Plate, Clasps, Solders, &c. 
By Charles Hunter. Third Edition, revised, with additions . . . 3/ot 
" We can strongly recommend Mr. Hunter's treatise to all students preparing for the profession of 
dentisty, as weU as to every mechanical AqqjsaJ'-Dublin Journal tf Medical Science. 

Mr Tkt X iitUcala that that vols, may be had strongly bound at 6d. extra. 
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MISCELLANEOUS VOLUMES. 

3 6. A DICTIONARY OF TERMS used in ARCHITECTURE, 

BUILDING, ENGINEERING, MINING, METALLURGY, ARCHAE- 
OLOGY, tkt FINE ARTS, &e. By John Weale. Fifth Edition, with 
numerous Additions. Edited by Rort. Hunt, F.R.S., Keeper oi Mining 
Records, Editor of •* Ure's Dictionary." Numerous Illustrations . , , 5/0 
The above, itrongly bound in (loth boards, prict 6j. 

"The be«t (mall technological dictionary in the language."— Arckitect. 

"' The absolute accuracy of a work of this character can only be judged of after extensive consultation 
amd from our eaa.mina.tion it appears very correct and very complete."— Mining Jtmrnat. 

" There is no need now to speak of the excellence of this work : it received the approval of the com- 
munity long ago. Edited now by Mr Robert Hunt, and published in a cheap, handy form, it will 
xhc utmost service as a book of reference scarcely to be exceeded in value." — Scorsmnn. 

S o. THE LAW OF CONTRACTS FOR WORKS AND 

SERVICES. By David GIBBONS. Third Edition, enlarged . . . 3* J 

"A very compendious, full and intelligible digest of the working and results of the taw, in regard to 
all kinds of contracts between parties standing in the relation of employer and employed." — Builder. 

" This exhaustive manual is written in a clear, terse, and pleasant style, and is just the work for 
masters and servants alike to depend upon lor constant reference.'' — Melt /•••''.•-••.. 

ria . MANUAL OF DOMESTIC MEDICINE. By R. Gooding, 

B.A., M.D. Intended as a Family Guide in all cases of Accident and Emer- 
gency. Third Edition, carefully revised ........ 9/0 

"The author has, we think, performed a useful service by placing at the disposal of those situated, 
by unavoidable circumstances, at a distance from medical aid, a reliable and sensible work in which pro- 
dessic-nal knowledge and accuracy have been well seconded by the ability to express himself ia ordinary 
untechnical language ."—Public Henitk. 

ita.« MANAGEMENT OF HEALTH. A Manual of Home 

and Personal Hygiene. By the Rey. Jambs Baird, B.A 1/0 

"The author gives sound instructions for the preservation of health." -Atketurumr. 
" It is wonderfully reliable, it i* written with excellent taste, and there is instruction crowded into 
•every page." — Knclitk . 

, S o. LOGIC, Pure and Applied. ByS. H- Emmens. Third Edition 1/6 

" This admirable work should be a text«book not only for schools, students and philosophers, for all 
iittratiurt and men of science, but for those concerned in the practical affairs of life, &c." — Tkt '< c .1 
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SELECTIONS FROM LOCKE'S ESSAYS ON THE 
HUMAN UNDERSTANDING. With Notes by S. H. Emmens . . a/o 

GENERAL HINTS TO EMIGRANTS. Containing No- 

Ctces of the various Fields for Emigration. With Hints on Preparation for 
Emigrating, Outfits, &c, Useful Recipes, Map of the Wor.d, fitc. 



THE EMIGRANT'S GUIDE TO NATAL. 

James Mann, F.R.A.S., F.M.S. Second Edition, revised. 

HANDBOOK OF FIELD FORTIFICATION. 

W. W. Knollys. F.R G.S. With 163 Woodcuts 
"A well-umed and able contribution to our military literature. . . 
•clear business style, all the information likely to be practically useful.' 
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